EP 3 485 850 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
22.05.2019 Bulletin 2019/21

(21) Application number: 18206335.4

(22) Date of filing: 14.11.2018

(11) EP 3 485 850 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
AG1F 2/44 (2006.01)
AB1F 2/30 (2006.01)

AG1F 2146 (200607

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 16.11.2017 US 201715815065

(71) Applicant: Globus Medical, Inc.
Audubon, PA 19403 (US)

(72) Inventors:
* WEIMAN, Mark
DOWNINGTOWN, PA 19335 (US)
* KOPP, Hillary
BERWYN, PA 19312 (US)

(74) Representative: Morabito, Sara et al
Cantaluppi & Partners S.r.l.
Piazzetta Cappellato Pedrocchi, 18
35122 Padova (IT)

(54) EXPANDABLE FUSION DEVICE

(57)

The present invention provides an expandable fusion device capable of being installed inside an intervertebral

disc space to maintain normal disc spacing and restore spinal stability, thereby facilitating an intervertebral fusion. In
one embodiment, the fusion device includes body, a first endplate, and a second endplate, a middle ramp piece, a stem,
and two ramp pins. The middle ramped piece is operable to move to generate lordotic expansion of the first and second
endplates followed by parallel expansion. The fusion device is operable to be deployed down an endoscopic tube.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application is a continuation-in-part
of U.S. Application Serial No. 15/189,188, filed on June
22, 2016, which is a continuation-in-part of U.S.
15/014,189, filed February 3, 2016, which is a continua-
tion-in-part of U.S. Patent No. 14/109,429 filed on De-
cember 17,2013, which is a divisional application of U.S.
Patent Application Serial No. 12/875,818 filed on Sep-
tember 3, 2010, now U.S. Patent No. 8,632,595, the en-
tire disclosures of which are incorporated by reference
herein.

BACKGROUND

[0002] A common procedure for handling pain associ-
ated with intervertebral discs that have become degen-
erated due to various factors such as trauma or aging is
the use of intervertebral fusion devices for fusing one or
more adjacent vertebral bodies. Generally, to fuse the
adjacent vertebral bodies, the intervertebral disc is first
partially or fully removed. An intervertebral fusion device
is then typically inserted between neighboring vertebrae
to maintain normal disc spacing and restore spinal sta-
bility, thereby facilitating an intervertebral fusion.

[0003] There are a number of known conventional fu-
siondevices and methodologies in the artfor accomplish-
ing the intervertebral fusion. These include screw and
rod arrangements, solid bone implants, and fusion de-
vices which include a cage or other implant mechanism
which, typically, is packed with bone and/or bone growth
inducing substances. These devices are implanted be-
tween adjacent vertebral bodies in order to fuse the ver-
tebral bodies together, alleviating the associated pain.
[0004] However, there are drawbacks associated with
the known conventional fusion devices and methodolo-
gies. For example, present methods for installing a con-
ventional fusion device often require that the adjacent
vertebral bodies be distracted to restore a diseased disc
space to its normal or healthy height prior to implantation
of the fusion device. In order to maintain this height once
the fusion device is inserted, the fusion device is usually
dimensioned larger in height than the initial distraction
height. This difference in height can make it difficult for
a surgeon to install the fusion device in the distracted
intervertebral space.

[0005] As such, there exists a need for a fusion device
capable of being installed inside an intervertebral disc
space at a minimum to no distraction height and for a
fusion device that can maintain a normal distance be-
tween adjacent vertebral bodies when implanted.

SUMMARY

[0006] In an exemplary embodiment, the present in-
vention provides an expandable fusion device capable
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of being installed inside an intervertebral disc space to
maintain normal disc spacing and restore spinal stability,
thereby facilitating an intervertebral fusion. In one em-
bodiment, the fusion device includes a central ramp, a
first endplate, and a second endplate. The central ramp
may be capable of moving in a first direction to push the
first and second endplates outwardly and into an unex-
panded configuration. The expandable fusion device
may be capable of being placed into the disc space down
an endoscopictube and then expanded into an expanded
configuration.

[0007] In an exemplary embodiment, an apparatus
may be provided comprising: a first endplate for an in-
tervertebral implant, wherein the first endplate may com-
prise a first plate portion having a first upper surface and
a first lower surface, wherein the first endplate further
comprises first front ramped portions extending away
from the first lower surface and first rear ramped portions
extending away from first lower surface. The apparatus
may further comprise a second endplate for an interver-
tebral implant, wherein the second endplate may com-
prise a second plate portion having a second upper sur-
face and a second lower surface, wherein the second
endplate further comprises second front ramped portions
extending away from the second lower surface and sec-
ond rear ramped portions extending away from second
lower surface. The apparatus may further comprise a
body positioned between the first endplate and the sec-
ond endplate, wherein the body may comprise rear end-
plate engaging ramps. The apparatus may further com-
prise a driving ramp positioned at a front end of the ap-
paratus, wherein the driving ramp comprises front end-
plate engaging ramps. When the apparatus is in an un-
expanded configuration, the rear endplate engaging
ramps and the front endplate engaging ramps may have
ramp angles with respect to a longitudinal axis of the
apparatus that differ from ramp angles of the first rear
ramped portions and first front ramped portions of the
first endplate with respect to the longitudinal axis. The
apparatus may be configured such that movement of the
driving ramp in one direction causes the first and second
endplates to move apart and a movement of the driving
ramp in a second direction causes the first and second
endplates to move towards one another.

[0008] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred or exemplary embodiments of the
invention, are intended for purposes of illustration only
and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:
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FIG. 1 is a side view of an embodiment of an ex-
pandable fusion device shown between adjacent
vertebrae according to the present invention;

FIG. 2 is a front perspective view of the expandable
fusion device of FIG. 1 shown in an unexpanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 3 is a front perspective view of the expandable
fusion device of FIG. 1 shown in an expanded posi-
tion in accordance with one embodiment of the
present invention;

FIG. 4 is a rear perspective view of the expandable
fusion device of FIG. 1 shown in an unexpanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 5 is a rear perspective view of the expandable
fusion device of FIG. 1 shown in an expanded posi-
tion in accordance with one embodiment of the
present invention;

FIG. 6 is a side view of the expandable fusion device
of FIG. 1 shown in an unexpanded position in ac-
cordance with one embodiment of the presentinven-
tion;

FIG. 7 is a side view of the expandable fusion device
of FIG. 1 shown in an expanded position in accord-
ance with one embodiment of the present invention;
FIG. 8 is a perspective view of the central ramp of
the expandable fusion device of FIG. 1in accordance
with one embodiment of the present invention;

FIG. 9 is a perspective view of the driving ramp of
the expandable fusion device of FIG. 1in accordance
with one embodiment of the present invention;

FIG. 10 is a perspective of an endplate of the ex-
pandable fusion device of FIG. 1 in accordance with
one embodiment of the present invention;

FIG. 11 a perspective view showing placement of
thefirstendplate of an embodiment of an expandable
fusion device down an endoscopic tube and into the
disc space in accordance with one embodiment of
the present invention;

FIG. 12 is a perspective view showing placement of
the second endplate of the expandable fusion device
down an endoscopic tube and into the disc space in
accordance with one embodiment of the present in-
vention;

FIG. 13 is a perspective view showing placement of
the central ramp of the expandable fusion device
down an endoscopic tube and into the disc space in
accordance with one embodiment of the present in-
vention;

FIG. 14 is a perspective view showing expansion of
the expandable fusion device in accordance with one
embodiment of the present invention;

FIG. 15 is a side schematic view of the expandable
fusion device of FIG. 1 having different endplates;
FIG. 16 is a partial side schematic view of the ex-
pandable fusion device of FIG. 1 showing different
modes of endplate expansion;
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FIG. 17 is a side schematic view of the expandable
fusiondevice of FIG. 1 with artificial endplates shown
between adjacent vertebrae;

FIG. 18 is a front perspective view of an alternative
embodiment of an expandable fusion device shown
in an unexpanded position in accordance with one
embodiment of the present invention;

FIG. 19is a front perspective view of the expandable
fusion device of FIG. 18 shown in an expanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 20 is a rear perspective view of the expandable
fusion device of FIG. 18 shown in an unexpanded
position in accordance with one embodiment of the
present invention;

FIG. 21 is a rear perspective view of the expandable
fusion device of FIG. 18 shown in an expanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 22 is aside view of the expandable fusion device
of FIG. 18 shown in an unexpanded position in ac-
cordance with one embodiment of the presentinven-
tion;

FIG. 23 isaside view of the expandable fusion device
of FIG. 18 shown in an expanded position in accord-
ance with one embodiment of the present invention;
FIG. 24 is a perspective of an endplate of the ex-
pandable fusion device of FIG. 18 in accordance with
one embodiment of the present invention;

FIG. 25 is a perspective view of the central ramp of
the expandable fusion device of FIG. 18 in accord-
ance with one embodiment of the present invention;
FIG. 26 is a side view of the central ramp of the ex-
pandable fusion device of FIG. 18 in accordance with
one embodiment of the present invention;

FIG. 27 is a top view of the central ramp of the ex-
pandable fusion device of FIG. 18 in accordance with
one embodiment of the present invention;

FIG. 28 a perspective view showing placement of
the central ramp of the expandable fusion device of
FIG. 18 in accordance with one embodiment of the
present invention;

FIG. 29 is a perspective view showing placement of
the first endplate of the expandable fusion device of
FIG. 18 in accordance with one embodiment of the
present invention;

FIG. 30 is a perspective view showing placement of
the second endplate of the expandable fusion device
of FIG. 18 in accordance with one embodiment of
the present invention;

FIG. 31 is a perspective view showing placement of
the actuation member of the expandable fusion de-
vice of FIG. 18 in accordance with one embodiment
of the present invention;

FIG. 32 is a perspective view showing expansion of
the expandable fusion device of FIG. 18 in accord-
ance with one embodiment of the present invention;
FIG. 33 is a front perspective view of an alternative
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embodiment of an expandable fusion device shown
in an unexpanded position in accordance with one
embodiment of the present invention;

FIG. 34 is a front perspective view of the expandable
fusion device of FIG. 33 shown in an expanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 35is arear perspective view of the expandable
fusion device of FIG. 33 shown in an unexpanded
position in accordance with one embodiment of the
present invention;

FIG. 36 is arear perspective view of the expandable
fusion device of FIG. 33 shown in an expanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 37 is a side cross-sectional view of the expand-
able fusion device of FIG. 33 shown in an unexpand-
ed position in accordance with one embodiment of
the present invention;

FIG. 38 is a side cross-sectional view of the expand-
able fusion device of FIG. 33 shown in an expanded
position in accordance with one embodiment of the
present invention;

FIG. 39 is a perspective of an endplate of the ex-
pandable fusion device of FIG. 33 in accordance with
one embodiment of the present invention;

FIG. 40 is a rear perspective view of an alternative
embodiment of an expandable fusion device shown
in an unexpanded position in accordance with one
embodiment of the present invention;

FIG. 41 is arear perspective view of the expandable
fusion device of FIG. 40 shown in a partially expand-
ed position in accordance with one embodiment of
the present invention;

FIG. 42 is arear perspective view of the expandable
fusion device of FIG. 40 shown in an expanded po-
sition in accordance with one embodiment of the
present invention;

FIG. 43 is a side exploded view of the expandable
fusion device of FIG. 40 in accordance with one em-
bodiment of the present invention;

FIG. 44 is a side cross-sectional view of the expand-
able fusion device of FIG. 40 shown in an unexpand-
ed position in accordance with one embodiment of
the present invention;

FIG. 45 is a perspective view of an endplate of the
expandable fusion device of FIG. 40 in accordance
with one embodiment of the present invention;
FIG. 46 is a perspective view of the central ramp of
the expandable fusion device of FIG. 40 in accord-
ance with one embodiment of the present invention;
FIGS. 47-49 are perspective views of the driving
ramp of the expandable fusion device of FIG. 40 in
accordance with one embodiment of the present in-
vention;

FIG. 50 is a rear perspective view of an alternative
embodiment of an expandable fusion device shown
in an expanded position in accordance with one em-

10

15

20

25

30

35

40

45

50

55

bodiment of the present invention;

FIG. 51 is a side cross-sectional view of the expand-
able fusion device of FIG. 50 shown in an expanded
position in accordance with one embodiment of the
present invention;

FIG. 52 is an exploded view of the expandable fusion
device of FIG. 50 in accordance with one embodi-
ment of the present invention;

FIG. 53 is a top view of the expandable fusion device
of FIG. 50 shown in an unexpanded position in ac-
cordance with one embodiment of the presentinven-
tion;

FIG. 54 is a read end view of the expandable fusion
device of FIG. 50 shown in an expanded position in
accordance with one embodiment of the present in-
vention;

FIG. 55 is a perspective view of an endplate of the
expandable fusion device of FIG. 50 in accordance
with one embodiment of the present invention;
FIG. 56 is a perspective of a central ramp of the ex-
pandable fusion device of FIG. 50 in accordance with
one embodiment of the present invention; and

FIG. 57 is a perspective view of a driving ramp of the
expandable fusion device of FIG. 50 in accordance
with one embodiment of the present invention.
FIG. 58 is an exploded view of an alternative em-
bodiment of an expandable fusion device in accord-
ance with one embodiment of the present invention.
FIG.59is aside view of the expandable fusion device
of FIG. 58 shown in partial cross-section in an unex-
panded configuration in accordance with one em-
bodiment of the present invention.

FIG. 60 is aside view of the expandable fusion device
of FIG. 58 shown in an unexpanded configuration in
accordance with one embodiment of the present in-
vention.

FIG. 61 is a perspective view of the expandable fu-
sion device of FIG. 58 shown in an unexpanded con-
figuration in accordance with one embodiment of the
present invention.

FIG. 62is aside view of the expandable fusion device
of FIG. 58 shown in partial cross-section in a lordotic
expanded configuration in accordance with one em-
bodiment of the present invention.

FIG. 63 isaside view of the expandable fusion device
of FIG. 58 shown in a lordotic expanded configura-
tion in accordance with one embodiment of the
present invention.

FIG. 64 is a perspective view of the expandable fu-
sion device of FIG. 58 shown in a lordotic expanded
configuration in accordance with one embodiment
of the present invention.

FIG. 65 is aside view of the expandable fusion device
of FIG. 58 shown in partial cross-section in a fully
expanded configuration in accordance with one em-
bodiment of the present invention.

FIG. 66 is aside view of the expandable fusion device
of FIG. 58 shown in a fully expanded configuration
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in accordance with one embodiment of the present
invention.

FIG. 67 is a perspective view of the expandable fu-
sion device of FIG. 58 shown in a fully expanded
configuration in accordance with one embodiment
of the present invention.

FIG. 68 is an exploded view of an expandable fusion
device having a ratcheting mechanism in accord-
ance with some embodiments.

FIGS. 69A-69C are side views of the expandable
fusion device of FIG. 68 in the process of expansion
in accordance with some embodiments.

FIGS. 70A-70C are different views of the expandable
fusion device of FIG. 68 in a contracted state in ac-
cordance with some embodiments.

FIGS. 71A-71C are different views of the expandable
fusion device of FIG. 68 in a tipped state without full
expansion in accordance with some embodiments.
FIGS. 72A-72C are different views of the expandable
fusion device of FIG. 68 in a fully expanded state in
accordance with some embodiments.

FIG. 73 is an upper view of the expandable fusion
device of FIG. 68 in accordance with some embod-
iments.

FIG. 74 is an upper cross-sectional view of the ex-
pandable fusion device of FIG. 68 in accordance with
some embodiments.

FIG. 75 is a close up view of the ratcheting mecha-
nism of the expandable fusion device of FIG. 68 in
accordance with some embodiments.

FIG. 76 is a close up view of the ratchet teeth of the
expandable fusion device of FIG. 68 in accordance
with some embodiments.

FIG. 77 is a top perspective view of the expandable
fusion device of FIG. 68 in accordance with some
embodiments.

FIGS. 78A-78G are top perspective views of the ex-
pandable fusion device of FIG. 68 transitioning from
alocked configuration to a disengaged configuration
in accordance with some embodiments.

FIG. 79 is an exploded view of an expandable fusion
device having an expandable spacing mechanism
in accordance with some embodiments.

FIG. 80 is a diagram showing a view of an exemplary
"locked" configuration of the fusion device of FIG. 79.
FIG. 81 is a diagram showing a view of an exemplary
"disengaged" configuration of the fusion device of
FIG. 79.

FIGS. 82A-82C are side views of the expandable
fusion device of FIG. 79 in the process of expansion
in accordance with some embodiments.

FIGS. 83A-83C are different views of the expandable
fusion device of FIG. 79 in a contracted state in ac-
cordance with one embodiment of the presentinven-
tion.

FIGS. 84A-84B are different views of the expandable
fusion device of FIG. 79 in a tipped state without full
expansion in accordance with one embodiment.
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FIGS. 85A-85C are different views of the expandable
fusion device of FIG. 79 in a fully expanded state
according to one embodiment of the present inven-
tion.

FIG. 86 is a diagram showing an alternative view of
the fusion device of FIG. 79 in the locked position.
FIG. 87 is a diagram showing another alternative
view of the fusion device of FIG. 79 in the locked
position.

FIG. 88 is a diagram showing the stem’s position as
the fusion device of FIG. 79 is expanding.

FIG. 89 is a diagram showing the fusion device of
FIG. 79 in a locked position.

DETAILED DESCRIPTION

[0010] The following description of the preferred em-
bodiment(s) is merely exemplary in nature and is in no
way intended to limit the invention, its application, or us-
es.

[0011] Aspinalfusionis typically employedto eliminate
pain caused by the motion of degenerated disk material.
Upon successful fusion, a fusion device becomes per-
manently fixed within the intervertebral disc space. Look-
ing at FIG. 1, an exemplary embodiment of an expand-
able fusion device 10 is shown between adjacent verte-
bral bodies 2 and 3. The fusion device 10 engages the
endplates 4 and 5 of the adjacent vertebral bodies 2 and
3 and, in the installed position, maintains normal interver-
tebral disc spacing and restores spinal stability, thereby
facilitating an intervertebral fusion. The expandable fu-
sion device 10 can be manufactured from a number of
materials including titanium, stainless steel, titanium al-
loys, non-titanium metallic alloys, polymeric materials,
plastics, plastic composites, PEEK, ceramic, and elastic
materials. In an embodiment, the expandable fusion de-
vice 10 can be configured to be placed down an endo-
scopic tube and into the disc space between the adjacent
vertebral bodies 2 and 3.

[0012] Inanexemplary embodiment, bone graft or sim-
ilar bone growth inducing material can be introduced
around and within the fusion device 10 to further promote
and facilitate the intervertebral fusion. The fusion device
10, in one embodiment, is preferably packed with bone
graft or similar bone growth inducing material to promote
the growth of bone through and around the fusion device.
Such bone graft may be packed between the endplates
of the adjacent vertebral bodies prior to, subsequent to,
or during implantation of the fusion device.

[0013] With reference to FIGS. 2-7, an embodiment of
the fusion device 10 is shown. In an exemplary embod-
iment, the fusion device 10 includes a first endplate 14,
a second endplate 16, a central ramp 18, and a driving
ramp 260. In an embodiment, the expandable fusion de-
vice 10 can be configured to be placed down an endo-
scopic tube and into the disc space between the adjacent
vertebral bodies 2 and 3. One or more components of
the fusion device 10 may contain features, such as
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through bores, that facilitate placement down an endo-
scopic tube. In an embodiment, components of the fusion
device 10 are placed down the endoscopic tube with as-
sembly of the fusion device 10 in the disc space.
[0014] Although the following discussion relates to the
second endplate 16, it should be understood that it also
equally applies to the first endplate 14 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. Turning now
to FIGS. 2-7 and 10, in an exemplary embodiment, the
second endplate 16 has a first end 39 and a second end
41. In the illustrated embodiment, the second endplate
16 further comprise an upper surface 40 connecting the
first end 39 and the second end 41, and a lower surface
42 connecting the first end 39 and the second end 41. In
an embodiment, the second endplate 16 further compris-
esathrough opening 44, asseenon FIG. 11. The through
opening 44, in an exemplary embodiment, is sized to
receive bone graft or similar bone growth inducing ma-
terial and further allow the bone graft or similar bone
growth inducing material to be packedin the central open-
ing in the central ramp 18.

[0015] As best seenin FIGS. 7 and 10, the lower sur-
face 42 includes at least one extension 46 extending
along at least a portion of the lower surface 42, in an
embodiment. In an exemplary embodiment, the exten-
sion46 can extend along a substantial portion of the lower
surface 42, including, along the center of the lower sur-
face 42. In the illustrated embodiment, the extension 46
includes a generally concave surface 47. The concave
surface 47 can form a through bore with the correspond-
ing concave surface 47 (not illustrated) of the first end-
plate 14, for example, when the device 10 is in an unex-
panded configuration. In another exemplary embodi-
ment, the extension 46 includes at least one ramped sur-
face 48. In another exemplary embodiment, there are
two ramped surfaces 48, 50 with the first ramped surface
48 facing the first end 39 and the second ramped surface
facing the second end 41. In an embodiment, the first
ramped surface 48 can be proximate the first end 39, and
the second ramped surface 50 can be proximate the sec-
ond end 41. It is contemplated that the slope of the
ramped surfaces 48, 50 can be equal or can differ from
each other. The effect of varying the slopes of the ramped
surfaces 48, 50 is discussed below.

[0016] In one embodiment, the extension 46 can in-
clude features for securing the endplate 16 when the ex-
pandable fusion device 10 is in an expanded position. In
an embodiment, the extension 46 includes one or more
protuberances 49 extending from the lateral sides 51 of
the extension. In the illustrated embodiment, there are
two protuberances 49 extending from each of the lateral
sides 51 with each of the sides 53 having one of the
protuberances 49 extending from a lower portion of either
end. As will be discussed in more detail below, the pro-
tuberances 49 can be figured to engage the central ramp
18 preventing and/or restricting longitudinal movement
of the endplate 16 when the device 10 is in an expanded
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position.

[0017] As illustrated in FIGS. 2-5, in one embodiment,
the upper surface 40 of the second endplate 16 is flat
and generally planar to allow the upper surface 40 of the
endplate 16 to engage with the adjacent vertebral body
2. Alternatively, as shown in FIG. 15, the upper surface
40 can be curved convexly or concavely to allow for a
greater or lesser degree of engagement with the adjacent
vertebral body 2. It is also contemplated that the upper
surface 40 can be generally planar but includes a gen-
erally straight ramped surface or a curved ramped sur-
face. The ramped surface allows for engagement with
the adjacent vertebral body 2 in a lordotic fashion. While
not illustrated, in an exemplary embodiment, the upper
surface 40 includes texturing to aid in gripping the adja-
cent vertebral bodies. Although not limited to the follow-
ing, the texturing can include teeth, ridges, friction in-
creasing elements, keels, or gripping or purchasing pro-
jections.

[0018] Referring now to FIGS. 2-8, in an exemplary
embodiment, the central ramp 18 has a first end 20, a
second end 22, a first side portion 24 connecting the first
end 20 and the second end 22, and a second side portion
26 (best seen on FIG. 5) on the opposing side of the
central ramp 12 connecting the first end 20 and the sec-
ond end 22. The first side portion 24 and the second side
portion 26 may be curved, in an exemplary embodiment.
The central ramp 18 further includes a lower end 28,
which is sized to receive at least a portion of the first
endplate 14, and an upper end 30, which is sized to re-
ceive at least a portion of the second endplate 16.
[0019] The first end 20 of the central ramp 18, in an
exemplary embodiment, includes an opening 32. The
opening 32 can be configured to receive an endoscopic
tube in accordance with one or more embodiments. The
first end 20 of the central ramp 18, in an exemplary em-
bodiment, includes at least one angled surface 33, but
caninclude multiple angled surfaces. The angled surface
33 can serve to distract the adjacent vertebral bodies
when the fusion device 10 is inserted into an interverte-
bral space.

[0020] The second end 22 of the central ramp 18, in
an exemplary embodiment, includes an opening 36. The
opening 36 extends from the second end 22 of the central
ramp 18 into a central guide 37 in the central ramp 18.
[0021] In an embodiment, the central ramp 18 further
includes one or more ramped surfaces 33. As best seen
in FIG. 8, the one or more ramped surfaces 33 positioned
between the first side portion 24 and the second side
portion 26 and between the central guide 37 and the sec-
ond end 22. In an embodiment, the one or more ramped
surfaces 33 face the second end 22 of the central ramp
18. In one embodiment, the centralramp 18 includes two
ramped surfaces 33 with one of the ramped surfaces 33
being sloped upwardly and the other of the ramped sur-
faces 33 being sloped downwardly. The ramped surfaces
33 of the central ramp can be configured and dimen-
sioned to engage the ramped surface 48 in each of the
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first and second endplates 14, 16.

[0022] Although the following discussion relates to the
second side portion 26 of the central ramp 18, it should
be understood that it also equally applies to the first side
portion 24 in embodiments of the present invention. In
the illustrated embodiment, the second side portion 26
includes an inner surface 27. In an embodiment, the sec-
ond side portion 26 further includes a lower guide 35, a
central guide 37, and an upper guide 38. In the illustrated
embodiment, the lower guide 35, central guide 37, and
the upper guide 38 extend out from the inner surface 27
from the second end 22 to the one or more ramped sur-
faces 31. In the illustrated embodiment, the second end
22 of the central ramp 18 further includes one or more
guides 38. The guides 38 can serve to guide the trans-
lational movement of the first and second endplates 14,
16 with respect to the central ramp 18. For example, pro-
tuberances 49 on the second endplate 16 may be sized
to be received between the central guide 37 and the up-
per guide 38. Protuberances 49 of the first endplate 16
may be sized to be received between the central guide
37 and the lower guide 35. A first slot 29 may be formed
proximate the middle of the upper guide 38. A second
slot 31 may be formed between end of the upper guide
38 and the one or more ramped surfaces 33. The protu-
berances 49 may be sized to be received within the first
slot 29 and/or the second slot 31 when the device 10 is
in the expanded position.

[0023] Referring now to FIGS. 4-7 and 9, the driving
ramp 260 has a through bore 262. In an embodiment,
the driving ramp 260 is generally wedge-shaped. As il-
lustrated, the driving ramp 260 may comprise a wide end
56, a narrow end 58, a first side portion 60 connecting
the wide end 56 and the narrow end 58, and a second
side portion 62 connecting the wide end 56 and the nar-
row end 58. The driving ramp 260 further may comprise
ramped surfaces, including an upper ramped surface 64
and an opposing lower ramped surface 66. The upper
ramped surface 64 and the lower ramped surface 66 may
be configured and dimensioned to engage the ramped
surface 50 proximate the second end 41 in of the first
and the second endplates 14, 16. The first and second
side portions 60, 62 may each include grooves 68 that
extend, for example, in a direction parallel to the longitu-
dinal axis of the through bore 262. The grooves 68 may
be sized to receive the central guide 37 on the interior
surface 27 of each of the side portions 24, 26 of the central
ramp 18. In this manner, the grooves 68 together with
the central guide 37 can surface to guide the translational
movement of the driving ramp 260 in the central ramp 18.
[0024] A method of installing the expandable fusion
device 10 of FIG. 1 is now discussed in accordance with
one embodiment of the present invention. Prior to inser-
tion of the fusion device 10, the intervertebral space is
prepared. In one method of installation, a discectomy is
performed where the intervertebral disc, in its entirety, is
removed. Alternatively, only a portion of the intervertebral
disc can be removed. The endplates of the adjacent ver-
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tebral bodies 2, 3 are then scraped to create an exposed
end surface for facilitating bone growth across the in-
tervertebral space. One or more endoscopic tubes can
then be inserted into the disc space. The expandable
fusion device 10 can then be introduced into the interver-
tebral space down an endoscopic tube and seated in an
appropriate position in the intervertebral disc space.
[0025] After the fusion device 10 has been inserted
into the appropriate position in the intervertebral disc
space, the fusion device 10 can then be expanded into
the expanded position. To expand the fusion device 10,
the driving ramp 260 may move in a first direction with
respect to the central ramp 18. Translational movement
of the driving ramp 260 through the central ramp18 may
be guided by the central guide 37 on each of the first and
second side portions 24, 26 of the central ramp 18. As
the driving ramp 260 moves, the upper ramped surface
64 pushes against the ramped surface 50 proximate the
second end 41 of the second endplate 16, and the lower
ramped surface 66 pushes against the ramped surface
50 proximate the second end 41 of the first endplate 14.
In addition, the ramped surfaces 33 in the central ramp
18 push against the ramped surface 48 proximate the
first end 41 of the first and second endplates 14, 16. In
this manner, the first and second endplates 14, 16 are
pushed outwardly into an expanded configuration. As dis-
cussed above, the central ramp 16 includes locking fea-
tures for securing the endplates 14, 16.

[0026] It should also be noted that the expansion of
the endplates 14, 16 can be varied based on the differ-
ences in the dimensions of the ramped surfaces 48, 50
and the angled surfaces 62, 64. As best seen in FIG. 16,
the endplates 14, 16 can be expanded in any of the fol-
lowing ways: straight rise expansion, straight rise expan-
sion followed by a toggle into a lordotic expanded con-
figuration, or a phase off straight rise into a lordotic ex-
panded configuration.

[0027] Turning back to FIGS. 2-7, in the event the fu-
sion device 10 needs to be repositioned or revised after
being installed and expanded, the fusion device 10 can
be contracted back to the unexpanded configuration, re-
positioned, and expanded again once the desired posi-
tioning is achieved. To contract the fusion device 10, the
central ramp 18 is moved with respect to the central ramp
260 away from the central ramp 260. As the central ramp
18 moves, the ramped surfaces 33 in the central ramp
18 ride along the ramped surfaces 48 of the first and
second endplates 14, 16 with the endplates 14, 16 mov-
ing inwardly into the unexpanded position.

[0028] With reference now to FIG. 17, fusion device 10
is shown with an exemplary embodiment of artificial end-
plates 100. Artificial endplates 100 allows the introduction
of lordosis even when the endplates 14 and 16 of the
fusion device 10 are generally planar. In one embodi-
ment, the artificial endplates 100 have an upper surface
102 and a lower surface 104. The upper surfaces 102 of
the artificial endplates 100 have at least one spike 106
to engage the adjacent vertebral bodies. The lower sur-
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faces 104 have complementary texturing or engagement
features on their surfaces to engage with the texturing or
engagement features on the upper endplate 14 and the
lower endplate 16 of the fusion device 10. In an exem-
plary embodiment, the upper surface 102 of the artificial
endplates 100 have a generally convex profile and the
lower surfaces 104 have a generally parallel profile to
achieve lordosis. In another exemplary embodiment, fu-
sion device 10 can be used with only one artificial end-
plate 100 to introduce lordosis even when the endplates
14 and 16 of the fusion device 10 are generally planar.
The artificial endplate 100 can either engage endplate
14 or engage endplate 16 and function in the same man-
ner as described above with respect to two artificial end-
plates 100.

[0029] With reference to FIGS. 11-14, an embodiment
for placing an expandable fusion device 10 into an in-
tervertebral disc space is illustrated. The expandable fu-
sion device 10 can be introduced into the intervertebral
space down an endoscopic tube utilizing a tool 70 that
is attached to endplate 16, with the second endplate 16
being first placed down the tube with tool 70 and into the
disc space, as seenin FIG. 11. After insertion of the sec-
ond endplate 16, thefirstendplate 14 can be placed down
the same endoscopic tube with tool 72 and into the disc
space, as shown on FIG. 12. Following the first endplate
14, the central ramp 12 can be placed down the same
endoscopic tube and into the disc space guided by tools
70 and 72, as shown on FIGS. 13 and 14.

[0030] Referring now to FIGS. 18-23, an alternative
embodiment of the expandable fusion device 10 is
shown. In an exemplary embodiment, the fusion device
10 includes a first endplate 14, a second endplate 16, a
central ramp 18, and an actuator assembly 200. As will
be discussed in more detail below, the actuator assembly
200 drives the central ramp 18 which forces apart the
firstand second endplates 14, 16 to place the expandable
fusion device in an expanded position. One or more com-
ponents of the fusion device 10 may contain features,
such as through bores, that facilitate placement down an
endoscopic tube. In an embodiment, components of the
fusion device 10 are placed down the endoscopic tube
with assembly of the fusion device 10 in the disc space.
[0031] Although the following discussion relates to the
second endplate 16, it should be understood that it also
equally applies to the first endplate 14 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. With addi-
tional reference to FIG. 24, in an exemplary embodiment,
the second endplate 16 has a first end 39 and a second
end 41. In the illustrated embodiment, the second end-
plate 16 further comprise an upper surface 40 connecting
the first end 39 and the second end 41, and a lower sur-
face 42 connecting the first end 39 and the second end
41. While not illustrated, in an embodiment, the second
endplate 16 further comprises a through opening. The
through opening, in an exemplary embodiment, is sized
to receive bone graft or similar bone growth inducing ma-
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terial.

[0032] Inone embodiment, the upper surface 40 of the
second endplate 16 is flat and generally planar to allow
the upper surface 40 of the endplate 16 to engage with
the adjacent vertebral body 2. Alternatively, as shown in
FIG. 15, the upper surface 40 can be curved convexly or
concavely to allow for a greater or lesser degree of en-
gagement with the adjacent vertebral body 2. It is also
contemplated that the upper surface 40 can be generally
planar but includes a generally straight ramped surface
or a curved ramped surface. The ramped surface allows
for engagement with the adjacent vertebral body 2 in a
lordotic fashion. While not illustrated, in an exemplary
embodiment, the upper surface 40 includes texturing to
aid in gripping the adjacent vertebral bodies. Although
notlimited to the following, the texturing caninclude teeth,
ridges, friction increasing elements, keels, or gripping or
purchasing projections.

[0033] Inoneembodiment,the second endplate 16 fur-
ther comprises a first side portion 202 connecting the first
end 39 and the second end 41, and a second side portion
204 connecting the first end 39 and the second end 41.
In the illustrated embodiment, the first and second side
portions 202, 204 are extensions from the lower surface
42. In an exemplary embodiment, the first and second
side portions 202, 204 each include ramped surfaces
206, 208. In the illustrated embodiment, the ramped sur-
faces 206, 208 extend from the first end 39 of the second
endplate 16 to bottom surfaces 210, 212 of each of the
side portions 202, 204. In one embodiment, the ramped
surfaces 206, 208 are forward facing in that the ramped
surfaces 206, 208 face the first end 39 of the second
endplate. As previously discussed, the slope of the
ramped surfaces 206, 208 may be varied as desired for
a particular application.

[0034] Inanembodiment, thefirstand second side por-
tions 202, 204 each comprise at least one protuberance
214. In an exemplary embodiment, the first and second
side portions 202, 204 each comprise a first protuberance
214, a second protuberance 216, and a third protuber-
ance 218. In one embodiment, the protuberances 214,
216, 218 extend from the interior surface 220 of the first
and second side portions 202, 204. In an exemplary em-
bodiment, the protuberances 214, 216, 218 extend at the
lower side of the interior surface 220. As best seen in
FIG. 24, the first and the second protuberances 214, 216
form a first slot 222, and the second and third protuber-
ances 216, 218 form a second slot 224.

[0035] As best seen in FIG. 24, the lower surface 42
of the second endplate 16, in an embodiment, includes
a central extension 224 extending along at least a portion
of the lower surface. In the illustrated embodiment, the
central extension 224 extends between the first and sec-
ond side portions 202 and 204. In an exemplary embod-
iment, the central extension 224 can extend from the sec-
ond end 41 of the endplate 16 to the central portion of
the endplate. In one embodiment, the central extension
224 includes a generally concave surface 226 configured
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and dimensioned to form a through bore with the corre-
sponding concave surface 226 (notillustrated) of the first
endplate 14. The central extension 224 can further in-
clude, in an exemplary embodiment, a ramped surface
228. In the illustrated embodiment, the ramped surface
228 faces the firstend 39 of the endplate 16. The ramped
surface 228 can be at one end of the central extension
224. In an embodiment, the other end of the central ex-
tension 224 forms a stop 230. In the illustrated embodi-
ment, the stop 230 is recessed from the second end 41
of the second endplate 16.

[0036] Referring to FIGS. 25-27, in an exemplary em-
bodiment, the central ramp 18 includes a body portion
232 having a first end 234 and a second end 236. In an
embodiment, the body portion 232 includes at least a first
expansion portion 238. In an exemplary embodiment, the
body portion 232 includes a first expansion portion 238
and a second expansion portion 240 extending from op-
posing sides of the body portion with each of the first and
second expansion portions 238, 240 having a generally
triangular cross-section. In one embodiment, the expan-
sion portions 238, 240 each have angled surfaces 242,
244 configured and dimensioned to engage the ramped
surfaces 206, 208 of the first and second endplates 14,
16 and force apart the first and second endplates 14, 16.
In an embodiment, the engagement between the angled
surfaces 242, 244 of the expansion portions 238, 240
with the ramped surfaces 206, 208 of the first and second
endplates 14, 16 may be described as a dovetail con-
nection.

[0037] The second end 236 of the central ramp 18, in
an exemplary embodiment, includes opposing angled
surfaces 246. The angled surfaces 246 can be configured
and dimensioned to engage the ramped surface 228 in
the central extension 224 in each of the first and second
endplates 14, 16. In other words, one of the angled sur-
faces 246 can be upwardly facing and configured, in one
embodiment, to engage the ramped surface 228 in the
central extension 224 in the second endplate 16. In an
embodiment, the engagement between the angled sur-
faces 246 of the second end 236 of the central ramp 18
with the ramped surface 228 in the first and second end-
plates 14, 16 may be described as a dovetail connection.
[0038] The second end 236, in an exemplary embod-
iment, can further include an extension 252. In the illus-
trated embodiment, the extension 252 is generally cylin-
drical in shape with a through bore 254 extending longi-
tudinally therethrough. In one embodiment, the extension
252 caninclude a beveled end 256. While not illustrated,
at least a portion of the extension 252 can be threaded.
[0039] Referring still to FIGS. 25-27, the central ramp
18 can further include features for securing the first and
second endplates 14, 16 when the expandable fusion
device 10 is in an expanded position. In an embodiment,
the body portion 232 of the central ramp 18 includes one
or more protuberances 248, 250 extending from oppos-
ing sides of the body portion 232. As illustrated, the pro-
tuberances 248, 250, in one embodiment, can be spaced
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along the body portion 232. In an exemplary embodi-
ment, the protuberances 248, 250 can be configured and
dimensioned for insertion into the corresponding slots
222, 224 in the first and second endplates 14, 16 when
the device 10 is in an expanded position, as best seen
in FIGS. 19 and 21. The protuberances 248, 250 can
engage the endplates 14, 16 preventing and/or restricting
movement of the endplates 14, 16 with respect to the
central ramp 18 after expansion of the device 10.
[0040] With reference to FIGS. 20-23, in an exemplary
embodiment, the actuator assembly 200 has a flanged
end 253 configured and dimensioned to engage the stop
232inthe central extension 224 ofthe firstand the second
endplates 14, 16. In an embodiment, the actuatorassem-
bly 200 further includes an extension 254 that extends
from the flanged end 253. In a further embodiment, the
actuator assembly 200 includes a threaded hole 256 that
extends through the actuator assembly 200. It should be
understood that, while the threaded hole 256 in the ac-
tuator assembly 200 is referred to as threaded, the
threaded hole 256 may only be partially threaded in ac-
cordance with one embodiment. In an exemplary embod-
iment, the threaded hole 256 is configured and dimen-
sioned to threadingly receive the extension 252 of the
central ramp 18.

[0041] With additional reference to FIGS. 28-32, a
method of installing the expandable fusion device 10 of
FIGS. 18-27 is now discussed in accordance with one
embodiment of the present invention. Prior to insertion
of the fusion device, the disc space may be prepared as
described above and then one or more endoscopic tubes
may then inserted into the disc space. The expandable
fusion device 10 can then be inserted into and seated in
the appropriate position in the intervertebral disc space,
as best seenin FIGS. 28-32. The expandable fusion de-
vice 10 can be introduced into the intervertebral space
down an endoscopictube (notillustrated), with the central
ramp 18 being first placed down the tube and into the
disc space, as seenin FIG. 28. After insertion of the cen-
tral ramp, the first endplate 14 can be placed down an
endoscopic tube, as shown on FIG. 29, followed by in-
sertion of the second endplate 16, as shown on FIG. 30.
After the second endplate 16, the actuator assembly 200
can then be inserted to complete assembly of the device
10, as best seen in FIG. 31.

[0042] After the fusion device 10 has been inserted
into and assembled in the appropriate position in the in-
tervertebral disc space, the fusion device 10 can then be
expanded into the expanded position. To expand the fu-
sion device 10, the actuator assembly 200 can be rotated.
As discussed above, the actuator assembly 200 is in
threaded engagement with the extension 250 of the cen-
tral ramp 18. Thus, as the actuator assembly 200 is ro-
tatedin afirstdirection, the central ramp 18 moves toward
the flanged end 253 of the actuator assembly 200. In
another exemplary embodiment, the actuator assembly
200 can be moved in a linear direction with the ratchet
teeth as means for controlling the movement of the cen-
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tral ramp 18. As the central ramp 18 moves, the angled
surfaces 242, 244 in the expansion portions 238, 240 of
the central ramp 18 push against the ramped surfaces
206, 208 in the first and second side portions 202, 204
of the first and second endplates 14, 16. In addition, the
angled surfaces 246 in the second end 236 of the central
ramp 18 also push against the ramped surfaces 228 in
the central extension 224 of each of the endplates 14,
16. This is best seen in FIGS. 22-23.

[0043] Since the expansion of the fusion device 10 is
actuated by a rotational input, the expansion of the fusion
device 10 is infinite. In other words, the endplates 14, 16
can be expanded to an infinite number of heights de-
pendent on the rotational advancement of the actuator
assembly 200. As discussed above, the central ramp 16
includes locking features for securing the endplates 14,
16.

[0044] In the event the fusion device 10 needs to be
repositioned or revised after being installed and expand-
ed, the fusion device 10 can be contracted back to the
unexpanded configuration, repositioned, and expanded
again once the desired positioning is achieved. To con-
tract the fusion device 10, the actuator assembly 200 can
be rotated in a second direction. As discussed above,
actuator assembly 200 is in threaded engagement with
the extension 250 of the central ramp 18; thus, as the
actuator assembly 200 is rotated in a second direction,
opposite the first direction, the central ramp 18 moves
with respect to the actuator assembly 200 and the first
and second endplates 14, 16 away from the flanged end
253. As the central ramp 18 moves, the first and second
endplates are pulled inwardly into the unexpanded posi-
tion.

[0045] Referring now to FIGS. 33-38, an alternative
embodiment of the expandable fusion device 10 is
shown. In the illustrated embodiment, the fusion device
includes afirst endplate 14, a second endplate 16, a cen-
tral ramp 18, and an actuator assembly 200. The fusion
device 10 of FIGS. 33-38 and its individual components
are similar to the device 10 illustrated on FIGS. 18-23
with several modifications. The modifications to the de-
vice 10 will be described in turn below.

[0046] Although the following discussion relates to the
second endplate 16, it should be understood that it also
equally applies to the first endplate 14 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. With addi-
tional reference to FIG. 39, in an exemplary embodiment,
the lower surface 42 of the second endplate 16 has been
modified. In one embodiment, the central extension 224
extending from the lower surface 42 has been modified
to include a second ramped surface 258 rather than a
stop. In an exemplary embodiment, the second ramped
surface 258 faces the second end 41 of the second end-
plate 16. In contrast, ramped surface 228 on the central
extension 228 faces the first end 39 of the second end-
plate. The concave surface 228 connects the ramped
surface 228 and the second ramped surface 258.

10

15

20

25

30

35

40

45

50

55

1"

[0047] With reference to FIGS. 35-38, in an exemplary
embodiment, the actuator assembly 200 has been mod-
ified to furtherinclude adriving ramp 260. Inthe illustrated
embodiment, the driving ramp 260 has a through bore
262 through which the extension 254 extends. In an em-
bodiment, the driving ramp 260 is generally wedge-
shaped. As illustrated, the driving ramp 260 may com-
prise a blunt end 264 in engagement with the flanged
end 253. In an exemplary embodiment, the driving ramp
260 further comprises angled surfaces 266 configured
and dimensioned to engage the second ramped surface
258 of each of the endplates 14, 16 and force apart the
first and second endplates 14, 16.

[0048] Referring now to FIGS. 40-44, an alternative
embodiment of the expandable fusion device 10 is
shown. In the illustrated embodiment, the fusion device
10 includes a first endplate 14, a second endplate 16, a
centralramp 18, an actuator assembly 200, and a driving
ramp 300. As will be discussed in more detail below, the
actuator assembly 200 functions, in an embodiment, to
pull the central ramp 18 and the driving ramp 300 togeth-
er, which forces apart the first and second endplates 14,
16.

[0049] Although the following discussion relates to the
first endplate 14, it should be understood that it also
equally applies to the second endplate 16 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. With refer-
ence to FIGS. 40-45, in an exemplary embodiment, the
first endplate 14 has a first end 39 and a second end 41.
Intheillustrated embodiment, the first endplate 14 further
comprises an upper surface 40 connecting the first end
39 and the second end 41, and a lower surface 42 con-
necting the first end 39 and the second end 41. While
not illustrated, in an embodiment, the first endplate 14
may comprise further comprises a through opening. The
through opening, in an exemplary embodiment, is sized
to receive bone graft or similar bone growth inducing ma-
terial.

[0050] Inone embodiment, the upper surface 40 of the
first endplate 14 is flat and generally planar to allow the
upper surface 40 of the endplate 14 to engage with the
adjacent vertebral body 2. Alternatively, as shown in FIG.
15, the upper surface 40 can be curved convexly or con-
cavely to allow for a greater or lesser degree of engage-
ment with the adjacent vertebral body 2. It is also con-
templated that the upper surface 40 can be generally
planar but includes a generally straight ramped surface
or a curved ramped surface. The ramped surface allows
for engagement with the adjacent vertebral body 2 in a
lordotic fashion. While not illustrated, in an exemplary
embodiment, the upper surface 40 includes texturing to
aid in gripping the adjacent vertebral bodies. Although
notlimited to the following, the texturing caninclude teeth,
ridges, friction increasing elements, keels, or gripping or
purchasing projections.

[0051] Inone embodiment, the first endplate 14 further
comprises a first side portion 202 connecting the first end



19 EP 3 485 850 A1 20

39 and the second end 41, and a second side portion
204 connecting the first end 39 and the second end 41.
In the illustrated embodiment, the first and second side
portions 202, 204 are extensions from the lower surface
42. In an embodiment, the first and second side portions
each have an interior surface 302 and an exterior surface
304. In an exemplary embodiment, the first and second
side portions 202, 204 each include one or more ramped
portions. In the illustrated embodiment, the first and sec-
ond side portions 202, 204 include first ramped portions
306, 308 at the first end 39 of the endplate 14 and second
ramped portions 310, 312 at the second end 41 of the
endplate. The first and second side portions 202, 204
each can include a bridge portion 314 connecting the first
ramped portions 306, 308 and the second ramped por-
tions 310, 312. In an embodiment, the first ramped por-
tions 306, 308 abut the exterior surface 304 of the re-
spective side portions 202, 204, and the second ramped
portions 310, 312 abut the interior surface 302 of the
respective side portions 202, 204. As illustrated, the first
ramped portions 306, 308 may include tongue portions
316, 318 with the tongue portions 316, 318 extending in
an oblique direction with respect to the upper surface 40
of the endplate 14. As further illustrated, the second
ramped portions 310, 312 may include tongue portions
320, 322 that extend in an oblique direction with respect
to the upper surface 40 of the endplate 14.

[0052] As best seen in FIG. 45, the lower surface 42
of the second endplate 16, in an embodiment, includes
a central extension 224 extending along at least a portion
of the lower surface. In the illustrated embodiment, the
central extension 224 extends between the first and sec-
ond side portions 202 and 204. In an exemplary embod-
iment, the central extension 224 can extend generally
between the first ramped portions 306, 308 and the sec-
ond ramped portions 310, 312. In one embodiment, the
central extension 224 includes a generally concave sur-
face 226 configured and dimensioned to form a through
bore with the corresponding concave surface 226 (not
illustrated) of the second endplate 16.

[0053] Withreference to FIGS. 43 and 44, the actuator
assembly 200 includes a head portion 324, a rod receiv-
ing extension 326, and a connecting portion 328 that con-
necting portions that connects the head portion 324 and
the rod receiving extension 326. As illustrated, the head
portion 324 may include one or more instrument gripping
features 330 that can allow it to be turned by a suitable
instrument. In addition, the head portion 324 has a larger
diameter than the other components of the actuator as-
sembly 200 to provide a contact surface with the driving
ramp 300. Inthe illustrated embodiment, the head portion
324 includes a rim 332 that provides a surface for con-
tacting the driving ramp 300. As can be seen in FIG. 44,
in an exemplary embodiment, the rod receiving extension
326 includes an opening sized and dimensioned to re-
ceive the extension 336 of the central ramp 18. In an
embodiment, the rod receiving extension 326 includes
threading for threadingly engaging the extension 336. In
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another embodiment, the rod receiving extension 326
includes ratchet teeth for engaging the extension 336. In
the illustrated embodiment, the head portion 324 and the
rod receiving extension 326 are connected by connecting
portion 328 which can be generally cylindrical in shape.
[0054] Withreferenceto FIGS. 43,44, and 46, the cen-
tral ramp 18 includes expansion portion 334 and exten-
sion 336. As best seen in FIG. 46, the expansion portion
334 may include an upper portion 338 and side portions
340, 342 that extend down from the upper portion 338.
In an embodiment, each of the side portions 340, 342
include dual, overlapping ramped portions. For example,
side portions 340, 342 each include a first ramped portion
344 that overlaps a second ramped portion 346. In the
illustrated embodiment, the first ramped portion 344 fac-
es the extension 336 while the second ramped portion
344 faces away from the extension 336. In one embod-
iment, angled grooves 348, 350 are formed in each of
the firstand second ramped portions 344, 346. In another
embodiment, the angled grooves 348, 350 are sized to
receive the corresponding tongues 316, 318, 320, 322
in the first and second endplates with angled grooves
348 receiving tongues 320, 322 in the second endplate
16 and angled grooves 350 receiving tongues 316, 318
in the first endplate 14. Although the device 10 is de-
scribed with tongues 316, 318, 320, 322 on the endplates
14, 16 and angled grooves 348, 350 on the central ramp
18, it should be understood that that device 10 can also
be configured with grooves on the endplates 14, 16 and
tongues on the central ramp 18, in accordance with one
embodiment of the present invention.

[0055] In an exemplary embodiment, the extension
336 is sized to be received within the rod receiving ex-
tension 326 of the actuator assembly 200. In one em-
bodiment, the extension 336 has threading with the ex-
tension 336 being threadingly received within the rod re-
ceiving extension 326. In another embodiment, the ex-
tension 336 has ratchet teeth with the extension 336 be-
ing ratcheted into the rod receiving extension 336. In an
embodiment, the extension 336 include nose 352 at the
end of the extension 336.

[0056] With reference to FIGS. 47-49, in an exemplary
embodiment, the driving ramp 300 includes an upper por-
tion 354 having an upper surface 356 and an oblique
surface 358. In an embodiment, the driving ramp 300
further includes side portions 360, 362 that extend from
the upper portion 354 connecting the upper portion 354
with the lower portion 364 of the driving ramp 300. As
best seen in FIGS. 48-49, the driving ramp 300 further
includes a bore 366, in an exemplary embodiment, sized
to receive the connection portion 328 of the actuator as-
sembly 200. In one embodiment, the driving ramp 300
moves along the connection portion 328 when the actu-
ator assembly 200 is pushing the driving ramp 300. In an
exemplary embodiment, the driving ramp 300 further in-
cludes contact surface 368 that engages the rim 332 of
the head portion 324 of the actuator assembly 200. In
the illustrated embodiment, the contact surface 368 has
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a generally annular shape.

[0057] Inan exemplary embodiment, the side portions
360, 362 of the driving ramp 300 each include overlap-
ping ramped portions. For example, the side portions
360, 362 eachinclude first ramped portions 370 that over-
lap second ramped portions 372. In the illustrated em-
bodiment, the first ramped portions 370 face central ramp
18 while the second ramped portions 372 face the oppo-
site direction. In one embodiment, angled grooves 374,
376 are formed in each of the first and second ramped
portions 370, 372. FIG. 48 is a perspective view of the
driving ramp 300 that shows the top ends of the angled
grooves 374 in ramped portions 370. FIG. 49 is a per-
spective view of the driving ramp 300 that shows the top
ends of the angled grooves 376 in ramped portions 372.
In an exemplary embodiment, the angled grooves 374,
376 are sized toreceive corresponding tongues 316, 318,
320, 322 in the first and second endplates 14, 16 with
angled grooves 370 receiving tongues 316, 318 in the
second endplate 16 and angled grooves 372 receiving
tongues 320, 322 in the first endplate 14. Although the
device 10 is described with tongues 316, 318, 320, 322
in the first and second endplates 14, 16 and angled
grooves 370, 372, 374, 376 on the driving ramp 300, it
should be understood that that device 10 can also be
configured with grooves on the second endplate 16 and
tongues on the driving ramp 300, in accordance with one
embodiment of the present invention.

[0058] Turning now to FIGS. 40-42, a method of in-
stalling the expandable fusion device 10 of FIGS. 40-49
is now discussed in accordance with one embodiment of
the present invention. Prior to insertion of the fusion de-
vice, the disc space may be prepared as described
above. The expandable fusion device 10 can then be
inserted into and seated in the appropriate position in the
intervertebral disc space. The expandable fusion device
10 is then introduced into the intervertebral space, with
the end having the expansion portion 334 of the central
ramp 18 being inserted. In an exemplary method, the
fusion device 10 is in the unexpanded position when in-
troduced into the intervertebral space. In an exemplary
method, the intervertebral space may be distracted prior
to insertion of the fusion device 10. The distraction pro-
vides some benefits by providing greater access to the
surgical site making removal of the intervertebral disc
easier and making scraping of the endplates of the ver-
tebral bodies 2, 3 easier.

[0059] Withthe fusiondevice 10 inserted into and seat-
ed in the appropriate position in the intervertebral disc
space, the fusion device can then be expanded into the
expanded position, as best seen in FIG. 42. To expand
the fusion device 10, an instrument is engaged with the
head portion 324 of the actuator assembly 200. The in-
strument is used to rotate actuator assembly 200. As
discussed above, actuator assembly 200 is threadingly
engaged with the extension 336 of the central ramp 18;
thus, as the actuator assembly 200 is rotated in a first
direction, the central ramp 18 is pulled toward the actu-
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ator assembly 200. In an exemplary embodiment, the
actuator assembly 200 is moved in a linear direction with
the ratchet teeth engaging as means for controlling the
movement of the actuator assembly 200 and the central
ramp 18. As the central ramp18 is pulled towards the
actuator assembly 200, the first ramped portions 344 of
the central ramp 18 push against the second ramped
portions 310, 312 of the second endplate 16 and the sec-
ond ramped portions 346 of the central ramp 18 push
againstfirstramped portions 306, 308 of the firstendplate
14. In this manner, the central ramp 18 acts to push the
endplates 14, 16 outwardly into the expanded position.
This can best be seen in FIGS. 40-42. As the endplates
14, 16 move outwardly the tongues 316, 318, 320, 322
in the endplates 14, 16 ride in the angled grooves 348,
350 with the tongues 320, 322 in the second endplate 16
riding in angled grooves 348 and the tongues 316, 318
in the first endplate 14 riding in angled grooves 350.
[0060] Asdiscussedabove,the actuatorassembly 200
also engages driving ramp 300; thus, as the actuator as-
sembly 200 is rotated in a first direction, the actuator as-
sembly 200 pushes the driving ramp 300 towards the
central ramp 18 in a linear direction. As the driving ramp
300 is pushed towards the central ramp 18, the first
ramped portions 370 of the driving ramp 300 push against
the first ramped portions 306, 308 of the second endplate
16 and the second ramped portions 372 of the driving
ramp 300 push against the second ramped portions 310,
312 of the first endplate 14. In this manner, the driving
ramp 300 also acts to push the endplates 14, 16 outward-
ly into the expanded position. This can best be seen in
FIGS. 40-42. As the endplates 14, 16 move outwardly
the tongues 316, 318, 320, 322 in the endplates 14, 16
ride in the angled grooves 370, 372 with the tongues 316,
318 in the second endplate 16 riding in angled grooves
370 and the tongues 320, 322 in the first endplate 14
riding in angled grooves 372.

[0061] Since the expansion of the fusion device 10 is
actuated by a rotational input, the expansion of the fusion
device 10 is infinite. In other words, the endplates 14, 16
can be expanded to an infinite number of heights de-
pendent on the rotational advancement of the actuator
assembly 200.

[0062] Referring now to FIGS. 50-54, an alternative
embodiment of the expandable fusion device 10 is
shown. In the illustrated embodiment, the fusion device
10 includes a first endplate 14, a second endplate 16, a
centralramp 18, an actuator assembly 200, and a driving
ramp 300. As will be discussed in more detail below, the
actuator assembly 200 functions, in an embodiment, to
pull the central ramp 18 and the driving ramp 300 togeth-
er, which forces apart the first and second endplates 14,
16. In an embodiment, the expandable fusion device may
contain features, such as a through bore, that facilitate
placement down an endoscopic tube. In an embodiment,
the assembled fusion device 10 may be placed down the
endoscopic tube and then expanded.

[0063] Although the following discussion relates to the
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first endplate 14, it should be understood that it also
equally applies to the second endplate 16 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. It should be
understood that, in an embodiment, the first endplate 14
is configured to interlock with the second endplate 16.
With additional reference to FIG. 55, in an exemplary
embodiment, the first endplate 14 has a first end 39 and
a second end 41. As illustrated, the first end 39 may be
wider than the second end 41. In the illustrated embod-
iment, the first endplate 14 further comprises an upper
surface 40 connecting the first end 39 and the second
end 41, and a lower surface 42 connecting the first end
39 and the second end 41. As best seen in FIG. 54, the
lower surface 42 can be curved concavely such that the
first and second endplates 14, 16 form a through bore
when the device 10 is in a closed position. In an embod-
iment, the firstendplate 14 may comprise a through open-
ing 44. The through opening 44, in an exemplary embod-
iment, is sized to receive bone graft or similar bone
growth inducing material.

[0064] In one embodiment, the upper surface 40 of the
first endplate 14 is flat and generally planar to allow the
upper surface 40 of the endplate 14 to engage with the
adjacent vertebral body 2. Alternatively, as shownin FIG.
15, the upper surface 40 can be curved convexly or con-
cavely to allow for a greater or lesser degree of engage-
ment with the adjacent vertebral body 2. It is also con-
templated that the upper surface 40 can be generally
planar but includes a generally straight ramped surface
or a curved ramped surface. The ramped surface allows
for engagement with the adjacent vertebral body 2 in a
lordotic fashion. As illustrated, in an exemplary embodi-
ment, the upper surface 40 includes texturing to aid in
gripping the adjacent vertebral bodies. For example, the
upper surface 40 may further comprise texturing 400 to
engage the adjacent vertebral bodies. Although not lim-
ited to the following, the texturing can include teeth, ridg-
es, friction increasing elements, keels, or gripping or pur-
chasing projections.

[0065] Inone embodiment, the first endplate 14 further
comprises afirst side portion 202 connecting the firstend
39 and the second end 41, and a second side portion
204 connecting the first end 39 and the second end 41.
In the illustrated embodiment, the first and second side
portions 202, 204 are extensions from the lower surface
42. In an embodiment, the first and second side portions
202, 204 each include an interior surface 302 and an
exterior surface 304. In an embodiment, the first end 39
of the first endplate 14 is generally designed and config-
ured to fit over the second end 41 of the second endplate
16 when the device 10 is in a closed position. As illus-
trated, the first and second side portions 202, 204 each
may include first ramped portions 306, 308, second
ramped portions 310, 312, and/or central ramped portion
402.

[0066] In an embodiment, the first ramped portions
306, 308 are proximate the first end 39 of the endplate
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14. In accordance with embodiment of the presentinven-
tion, the first ramped portions 306, 308 of the first end-
plate 14 are generally designed and configured to fit over
the second ramped portions 310, 312 of the second end-
plate 16 when the device 10 is in a closed position. In an
exemplary embodiment, the first ramped portions 306,
308 generally face the first end 39 and can extend in an
oblique direction with respect to the upper surface 40,
for example. As illustrated, the first ramped portions 306,
308 may include tongue portions 316, 318 extending in
an oblique direction with respect to the upper surface 40
of the endplate 14.

[0067] Inanembodiment,the second ramped portions
310, 312 are proximate the second end 41 of the endplate
14. In an exemplary embodiment, the second ramped
portions 310, 312 can extend in an oblique direction with
respect to the upper surface 40 and generally face the
second end 41. The first and second side portions 202,
204, in an embodiment, each caninclude a bridge portion
314 connecting the first ramped portions 306, 308 and
the second ramped portions 310, 312. As further illus-
trated, the second ramped portions 310, 312 may include
tongue portions 320, 322 that extend in an oblique direc-
tion with respect to the upper surface 40 of the endplate
14.

[0068] Inan embodiment, the endplate 14 further may
include a central ramped portion 402 proximate the
bridge portion 314. In the illustrated embodiment, the
endplate 14 includes a central ramped portion 402 prox-
imate the bridge portion 314 of the second side portion
204. In an exemplary embodiment, the central ramped
portion 402 can extend in an oblique direction with re-
spect to the upper surface 40 and face the first end 39
ofthe endplate 14. Asillustrated, the first ramped portions
306, 308 may include tongue portions 316, 318 with the
tongue portions 316, 318 extending in an oblique direc-
tion with respect to the upper surface 40 of the endplate
14.

[0069] With reference to FIGS. 50-52 and 54, in an
embodiment, the actuator assembly 200 includes a head
portion 324, an extension 404, and a through bore 406
thatextends longitudinally through the actuator assembly
200. Asiillustrated, the head portion 324 may include one
or more instrument gripping features 330 that can allow
it to be turned by a suitable instrument. In addition, the
head portion 324 has a larger diameter than the other
components of the actuator assembly 200 to provide a
contact surface with the driving ramp 300. In the illustrat-
ed embodiment, the head portion 324 includes a rim 332
that provides a surface for contacting the driving ramp
300. In an embodiment, the extension 404 is a generally
rod-like extension. In another embodiment, the extension
404 includes ratchet teeth for engaging the extension
336.

[0070] Withreferenceto FIGS. 51,52, and 56, the cen-
tral ramp 18 has a first end 408 and a second end 410.
In an embodiment, the central ramp 18 includes a first
expansion portion 412, a second expansion portion 414,
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a rod-receiving extension 416, and a through bore 418
that extends longitudinally through the central ramp 18.
In an exemplary embodiment, first expansion portion 412
can be proximate the first end 408 of the central ramp
18. As best seen in FIG. 56, the first expansion portion
412 may include side portions 420, 422. In an embodi-
ment, each of the side portions 420, 422 includes dual,
overlapping ramped portions that extend in oblique di-
rections with respect to the through bore 418. For exam-
ple, side portions 420, 422 each include a first ramped
portion 424 that overlaps a second ramped portion 426.
In the illustrated embodiment, the first ramped portion
424 faces the rod-receiving extension 416 while the sec-
ond ramped portion 426 faces the opposite direction. In
one embodiment, angled grooves 428, 430 are formed
in each of the firstand second ramped portions 424, 426.
In an exemplary embodiment, the angled grooves 428,
430 are sized to receive the corresponding tongues 316,
318, 320, 322 in the first and second endplatesl4, 16 with
angled grooves 428 receiving tongues 320, 322 in the
second endplate 16 and angled grooves 430 receiving
tongues 316, 318 in the first endplate 14. Although the
device 10 is described with tongues 316, 318, 320, 322
on the endplates 14, 16 and angled grooves 428, 430 on
the central ramp 18, it should be understood that that
device 10 can also be configured with grooves on the
endplates 14, 16 and tongues on the central ramp 18, in
accordance with one embodiment of the present inven-
tion.

[0071] In an embodiment, the second expansion por-
tion 414 is located on the rod-receiving extension 416
between the first end 408 and the second end 410 of the
central ramp 18. In an exemplary embodiment, the sec-
ond expansion portion 414 includes central ramped por-
tions 432. Inone embodiment, the second expansion por-
tion 414 includes two central ramped portions 432 on
opposite sides of the rod-receiving extension 416. In an
exemplary embodiment, the central ramped portions 424
extend in an oblique direction with respect to the through
bore 418 and face the second end 410 of the central
ramp 18.

[0072] The rod-receiving extension 416 extends from
the first expansion portion 412 and has an opening 434
at the second end of the central ramp 18. In an embod-
iment, the rod-receiving extension 416 is sized and con-
figured to receive the extension 404 of the actuator as-
sembly 200. In an embodiment, the rod-receiving exten-
sion 416 has threading with the rod-receiving extension
416 threadingly receiving extension 404 of the actuator
assembly 200. In another embodiment, the rod-receiving
extension 416 has ratchet teeth with the extension 404
being ratcheted into the rod-receiving extension 416.
[0073] With reference to FIGS. 50-52 and 57, in an
exemplary embodiment, the driving ramp 300 includes
an upper portion 354 having an upper surface 356 and
an oblique surface 358. In an embodiment, the driving
ramp 300 further includes a bore 366, in an exemplary
embodiment, sized to receive the extension 404 of the
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actuator assembly 200. In the illustrated, embodiment,
the upper portion 354 has a hole 436 that extends through
the upper surface 356 to the bore 366. Set screw 438
may be inserted through the hole 436 to secure the driv-
ing ramp 300 to the actuator assembly 200. In one em-
bodiment, the driving ramp 300 further includes contact
surface 368 that engages the rim 332 of the head portion
324 of the actuator assembly 200. In the illustrated em-
bodiment, the contact surface 368 has a generally annu-
lar shape.

[0074] In an embodiment, the driving ramp 300 further
includes side portions 360, 362 that extend from the up-
per portion 354 connecting the upper portion 354 with
the lower portion 364 of the driving ramp 300. In an ex-
emplary embodiment, the side portions 360, 362 of the
driving ramp 300 each include a ramped portion 438. In
theillustrated embodiment, the ramped portion 438 faces
central ramp 300. In an embodiment, the ramped portion
438 is configured and dimensioned to engage the
ramped portions 306, 308 at the first end 39 of the second
endplate 16. In one embodiment, angled grooves 440
are formed in the ramped portions 316, 318. In an exem-
plary embodiment, the angled grooves 440 are sized to
receive the corresponding tongues 316, 318 in the sec-
ond endplate 16. Although the device 10 is described
with tongues 316, 318 on the second endplate 16 and
angled grooves 440 on the driving ramp 300, it should
be understood that that device 10 can also be configured
with grooves on the second endplate 16 and tongues on
the driving ramp 300, in accordance with one embodi-
ment of the present invention.

[0075] A method of installing the expandable fusion
device 10 of FIGS. 50-57 is now discussed in accordance
with one embodiment of the present invention. Prior to
insertion of the fusion device, the disc space may be pre-
pared as described above. The expandable fusion device
10 canthenbe inserted into and seated in the appropriate
position in the intervertebral disc space. In an embodi-
ment, the device 10 is assembled prior to insertion. The
expandable fusion device 10 can be introduced into the
intervertebral space, with the end having the firstend 408
of the central ramp 18 being inserted. In an exemplary
method, the fusion device 10 is in the unexpanded posi-
tion when introduced into the intervertebral space. In an
exemplary method, the intervertebral space may be dis-
tracted prior to insertion of the fusion device 10. The dis-
traction provides some benefits by providing greater ac-
cess to the surgical site making removal of the interver-
tebral disc easier and making scraping of the endplates
of the vertebral bodies 2, 3 easier.

[0076] Withthe fusion device 10inserted into and seat-
ed in the appropriate position in the intervertebral disc
space, the fusion device can then expand into the ex-
panded position. To expand the fusion device 10, an in-
strument is engaged with the head portion 324 of the
actuator assembly 200. The instrument is used to rotate
actuator assembly 200. As discussed above, actuator
assembly 200 is threadingly engaged with the rod receiv-
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ing extension 416 of the central ramp 18; thus, as the
actuator assembly 200 is rotated in a first direction, the
central ramp 18 is pulled toward the actuator assembly
200. In an exemplary embodiment, the actuator assem-
bly 200 is moved in a linear direction with the ratchet
teeth engaging as means for controlling the movement
of the actuator assembly 200 and the central ramp 18.
[0077] As the central ramp space 18 is pulled towards
the actuator assembly 200, the central ramp 18 acts to
push endplates 14, 16 outwardly into the expanded po-
sition. By way of example, the first ramped portions 424,
second ramped portions 426, and central ramped por-
tions 432 push against the corresponding ramped por-
tions in the first and second endplates 14, 16. The first
ramped portions 424 in the first expansion portion 412
of the central ramp 18 push against the second ramped
portions 310, 312 of the second endplate 16 with the
corresponding tongues 320, 322 in the second ramped
portions 310, 312 of the second endplate 16 riding in
angled grooves 428 in the first ramped portions 424 in
the first expansion portion 412. The second ramped por-
tions 426 in the first expansion portion 412 push against
the first ramped portions 316, 318 of the first endplate 14
with the corresponding tongues 316, 318 in first ramped
portions 316, 318 of the first endplate 14 riding in angled
grooves 430 in the second ramped portions 426 in the
first expansion portion 412. The central ramped portions
432 in the second expansion portion 414 push against
the central ramped portion 402 in the first and second
endplates 14, 16.

[0078] Asdiscussed above, the actuatorassembly 200
also engages driving ramp 300; thus, as the actuator as-
sembly 200 is rotated in a first direction, the actuator as-
sembly 200 pushes the driving ramp 300 towards the
central ramp 18 in a linear direction. As the driving ramp
300 is pushed towards the central ramp 18, the driving
ramp 300 also acts to push the endplates 14, 16 outward-
ly into the expanded position. By way of example, the
ramped portions 438 of the driving ramp 300 push against
ramped portions 306, 308 at the first end 39 of the second
endplate 16. As the endplates 14, 16 move outwardly,
the tongues 316, 318 in the ramped portions 306, 308 of
the second endplate 16 ride in the angled grooves 440
in the ramped portions 438 of the driving ramp 300.
[0079] It should also be noted that the expansion of
the endplates 14, 16 can be varied based on the differ-
ences in the dimensions of the various ramped portions
in the central ramp 18, the driving ramp 300, and the first
and second endplates 14, 16. As best seen in FIG. 16,
the endplates 14, 16 can be expanded in any of the fol-
lowing ways: straight rise expansion, straight rise expan-
sion followed by a toggle into a lordotic expanded con-
figuration, or a phase off straight rise into a lordotic ex-
panded configuration.

[0080] Referring now to FIG. 58, an alternative embod-
iment of the expandable fusion device 10 is shown in
which the expandable fusion device 10 expands into a
lordotic expanded configuration. In theillustrated embod-
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iment, the expandable fusion device 10 includes a first
endplate 14, a second endplate 16, an actuator assembly
200, a driving ramp 300, and a body 500. As will be dis-
cussed in more detail below, the actuator assembly 200
functions, in an embodiment, to pull the driving ramp 300
and the body 500 together, which forces apart the first
and second endplates 14, 16. For example, the actuator
assembly 200 may be rotated to pull the driving ramp
300 toward the body 500. When this occurs, the expand-
able fusion device 10 first expands into a lordotic expand-
ed configuration (FIGS. 62-64) and then expands in
height until it is fully expanded (FIGS. 65-67). In embod-
iments, expandable fusion device 10 may have two stag-
es of expansion, generally referred to as lordotic stage
and parallel stage. In lordotic stage, the expandable fu-
sion device 10 may expand at one end to achieve a lor-
dotic angle. The expandable fusion device 10 may hen
expand in parallel sage wherein the lordotic expansion
may be maintained at both ends of the expandable fusion
device 10 may expand at generally constant rates. In an
embodiment, the expandable fusion device 10 may con-
tain features, such as a through bore, that facilitate place-
ment down an endoscopic tube. In an embodiment, the
assembled fusion device 10 may be placed down the
endoscopic tube and then expanded.

[0081] Although the following discussion relates to the
first endplate 14, it should be understood that it also
equally applies to the second endplate 16 as the second
endplate 16 is substantially identical to the first endplate
14 in embodiments of the present invention. It should be
understood that, in an embodiment, the first endplate 14
is configured to interlock with the second endplate 16. In
an exemplary embodiment, the first endplate 14 has a
first end 39 and a second end 41. In the illustrated em-
bodiment, the first endplate 14 further comprises a plate
portion 502 that may extend between first end 39 and
the second end 41. Plate portion 502 may comprise an
upper surface 40 and a lower surface 42. In an embod-
iment, the first endplate 14 may comprise a through open-
ing 44. The through opening 44, in an exemplary embod-
iment, may be sized to receive bone graft or similar bone
growth inducing material.

[0082] Inone embodiment, the upper surface 40 of the
plate portion 502 is flat and generally planar to allow the
upper surface 40 of the plate portion 502 to engage with
the adjacent vertebral body 2. Alternatively, as shown in
FIG. 15, the upper surface 40 can be curved convexly or
concavely to allow for a greater or lesser degree of en-
gagement with the adjacent vertebral body 2. It is also
contemplated that the upper surface 40 can be generally
planar but includes a generally straight ramped surface
or a curved ramped surface. The ramped surface allows
for engagement with the adjacent vertebral body 2 in a
lordotic fashion. As illustrated, in an exemplary embodi-
ment, the upper surface 40 includes texturing to aid in
gripping the adjacent vertebral bodies. For example, the
upper surface 40 may further comprise texturing 400 to
engage the adjacent vertebral bodies. Although not lim-
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ited to the following, the texturing can include teeth, ridg-
es, friction increasing elements, keels, or gripping or pur-
chasing projections.

[0083] Inone embodiment, the first endplate 14 further
comprises front side extensions 504 that extend from
plate portion 502. As illustrated, the front side extensions
504 may extend from either side of plate portion 502 prox-
imate to second end 41 of first endplate 14. The front
side extensions 504 may extend opposite from the upper
surface 40 of plate portion 502. In one embodiment, the
first endplate 14 may further comprise rear side exten-
sions 506 that extend from plate portion 502. As illustrat-
ed, the rear side extensions 506 may extend from either
side of plate portion 502 proximate to first end 39 of first
endplate 14. The rear side extensions 506 may extend
opposite from the upper surface 40 of plate portion 502.
As illustrated, the front side extensions 504 and the rear
side extensions 506 may each include ramped portions.
For example, the front side extension 504 may include
front ramped portions 508 and the rear side extensions
506 may include rear ramped portions 510. The front
ramped portions 508 and the rear ramped portions 510
may be considered ramped as they may be at an oblique
angle with respect to longitudinal axis 512 of expandable
fusion device 10. In an exemplary embodiment, the front
ramped portions 508 may generally face the second end
41, and the rear ramped portions 510 may generally face
the first end 39.

[0084] Embodiments of actuator assembly 200 will
now be described in more detail with reference to FIG.
58. In the illustrated embodiment, the actuator assembly
200 is in the form of a drive screw. As illustrated, the
actuator assembly 200 may include a head portion 324
and an extension 404. As illustrated, the head portion
324 may include one or more instrument gripping fea-
tures 330 that can allow it to be turned by a suitable in-
strument. In addition, the head portion 324 may have a
larger diameter than the other components of the actu-
ator assembly 200 to provide a contact surface with the
body 500. In the illustrated embodiment, ring 514 may
ride in groove 516 on head portion 324. In some embod-
iments, ring 514 may be a compressible ring, such as a
c-ring as shown on FIG. 58, that is configured to retain
head portion 324 in rear throughbore 536 of body 500.
In an embodiment, the extension 404 is a generally rod-
like extension that may be threaded for engaging a cor-
responding opening 522 in driving ramp 300. In another
embodiment, the extension 404 may include ratchet teeth
(not shown) for engaging opening 522 in driving ramp
300.

[0085] Embodiments of driving ramp 300 will now be
described in more detail with respect to FIG. 58. As illus-
trated, the driving ramp 300 may include a ramped body
portion 518 and an extension 520. In the illustrated em-
bodiment, extension 520 may extend from ramped body
portion 518 toward first end 39 of expandable fusion de-
vice 10. Extension 520 may include an opening 522 that
may engage extension 404 of actuator assembly 200. In
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embodiments, extension 520 may threadingly engage
the extension 404 of actuator assembly 200. Rotation of
driving ramp 300 may be limited so that when actuator
assembly 200 may be rotated, driving ramp 300 may be
pulled toward body 500. Driving ramp 300 may be se-
cured to actuator assembly 200 at a front end of expand-
able fusion device 10. In embodiments, the front end of
expandable fusion device 10 may be the front of the ex-
pandable fusion device 10 so that the driving ramp 300
may be considered the nose of the expandable fusion
device 10. In embodiments, the front end 524 of driving
ramp 300 may be angled, rounded, or otherwise tapered
so that the driving ramp may serve to distract the adjacent
vertebral bodies when the expandable fusion device 10
is inserted into an intervertebral space.

[0086] As illustrated, driving ramp 300 may include
front endplate engaging ramps 526. Front endplate en-
gaging ramps 526 may be at an oblique angle with re-
spect to longitudinal axis 512 of the expandable fusion
device 10. Asillustrated, a pair of front endplate engaging
ramps 526 that engage second endplate 16 may be on
one side of driving ramp while another pair of front end-
plate engaging ramps 526 that engage first endplate 14
may be on an opposite side of driving ramp 300. In op-
eration, front endplate engaging ramps 526 may engage
front ramped portions 508 of the first and second end-
plates 14, 16. The first and second endplates 14, 16 may
ride up the front endplate engaging ramps 526 as the
driving ramp 300 may be pulled towards the body 300
causing the first and second endplates 14, 16 to be
pushed relatively apart such that a height of expandable
fusion device 10 may be increased.

[0087] Embodiments of body 500 will now be described
in more detail with respect to FIG. 58. As illustrated, the
body 500 may have a first body end 528 and a second
body end 530. Lateral sides 532 may connect the first
body end 528 and the second body end 530. In the illus-
trated embodiment, the body 500 may have a central
opening 534 that may extend through the body 500 trans-
verse to longitudinal axis 512 of expandable fusion de-
vice. As illustrated, first body end 528, second body end
530, and lateral sides 532 may define central opening
534. Rear throughbore 536 may be formed through sec-
ond body end 530. Rear throughbore 536 may be cen-
trally positioned and generally aligned with longitudinal
axis 512 of expandable fusion device 10. As previously
described, head portion 324 of actuator assembly 200
may be retained in rear throughbore 536, for example,
using ring 514. Washer 515 may also be retained on cor-
responding grooves of head portion 324. Rear through-
bore 506 may also be threaded, for example, to facilitate
engagement with an insertion device. Second body end
530 may also include tool engaging features, such as
side recesses 538, which may facilitate use of a device
forinsertion of expandable fusion device 10into adesired
position in a patient. First body end 528 may include a
corresponding front throughbore 540. As illustrated, front
throughbore 540 may be centrally positioned and gener-
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ally aligned with longitudinal axis 512 of expandable fu-
siondevice. Extension 404 of actuator assembly 200 may
extend through front throughbore 540 to engage driving
ramp 300.

[0088] As illustrated, second body end 530 may in-
clude rear endplate engaging ramps 542. Rear endplate
engaging ramps 542 may be at an oblique angle with
respect to longitudinal axis 512 of the expandable fusion
device 10. In operation, rear endplate engaging ramps
542 may engage rear ramped portions 510 of the first
and second endplates 14, 16. As illustrated, a pair of rear
endplate engaging ramps 542 that engage second end-
plate 16 may be on one side of second body end 530
while another pair of rear endplate engaging ramps 542
(not seen on FIG. 58) that engage first endplate 14 may
be on an opposite side of second body 530. The first and
second endplates 14, 16 may ride up the rear endplate
engaging ramps 542 as the driving ramp 300 may be
pulled towards the body 300 causing the first and second
endplates 14, 16 to be pushed relatively apart such that
a height of expandable fusion device 10 may be in-
creased.

[0089] As previously described, the expandable fusion
device 10 shown on FIG. 58 may first expand lordotically
and then expand in parallel until full expansion of the
expandable fusion device 10 may be reached. To
achieve this lordotic expansion, the frontramped portions
508 and rear ramped potions 510 of the first and second
endplates 14, 16 may be at a different angle with respect
to longitudinal axis 512 than the front endplate engaging
ramps 526 of the driving ramp 300 and the rear endplate
engaging ramps 542 of the body 500. This difference in
angles may be present when the expandable fusion de-
vice 10 s in the unexpanded configuration. As the driving
ramp 300 may be pulled back towards the body 500, the
position of the first and second endplates 14, 16 and/or
the driving ramp 300 and the body 500 with respect to
body 500 may change so that the difference in angles
may be reduced and potentially approach zero as the
first and second endplates 14, 16 are pushed outward.
As this angle is being reduced, the rear portion of the
expandable fusion device may be expanding causing a
lordotic angle. When this angle is reduced (or reaches
approximately zero), the first and second endplates 14,
16 may then expand in parallel with the first end 39 and
second end 41 expanding at approximately the same
height until the expandable fusion device 10 may reach
its full height. The lordotic angle may be maintained while
the first and second endplates 14, 16 expand in parallel.
[0090] FIGS. 59 to 61 illustrate the expandable fusion
device 10in the unexpanded configuration in accordance
with present embodiments. As seen on FIG. 60, the ex-
pandable fusion device 10 may have a lordotic angle 6, 5
of approximately 0° when unexpanded. By way of exam-
ple, the first and second endplates 14, 16 may be gen-
erally aligned with longitudinal axis 512 of expandable
fusion device 10. In accordance with present embodi-
ments, lordotic expansion of expandable fusion device
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10 may be achieved by use of different in ramp angles
with respect to longitudinal axis 512. As best seen on
FIG. 59, rear endplate engaging ramps 542 of the body
500 may have an angle ay,,4y, and rear ramped portions
510 of first and second endplates 14, 16 may have an
angle Gearendplate- 1he front endplate engaging ramps
526 of the driving ramp 300 may have an angle oyiying
ramp and the front ramped portions 508 of the first and
second endplates 14, 16 may have an angle o ontendplate
These angles may be selected, for example, to provide
a desired rate of height increase during expansion of ex-
pandable fusion device 10. By way of example, the an-
gles may each individually by selected, for example, from
about 5° to about 85° and alternatively from about 35° to
about 65°. However, as described above, embodiments
may provide differences in these angles, for example, to
drive the lordotic expansion. As best seen on FIG. 59,
the difference between the angles o¢4endplate @3N Cpody
may be provided by A, and the difference between
the angles arontendplate @3N Otdriving ramped May be provid-
ed by Agont- Arear @nd Agont May be the same or different.
By way of example, A,g,; @and Agn may each range from
1° to about 20° and, alternatively, from about 2° to about
5.

[0091] FIGS. 62 to 64 illustrate the expandable fusion
device 10 in alordotic expanded configuration in accord-
ance present embodiments. The expandable fusion de-
vice 10 may be expanded to provide a lordotic angle 6 5
of up to about 15° and, more particularly, of about 4° to
about 10°. Lordoticangles 6 5 of upto 12° may be desired
in certain applications, such as cervical, but other lordotic
angles 6, may be desired in alternative applications.
[0092] To expand the expandable fusion device 10,
driving ramp 300 may be moved in a first direction with
respect to body 500. By way of example, driving ramp
300 may be pulled towards body 500. In some embodi-
ments, actuator assembly 200 (best seen on FIG. 58)
may be rotated to pull driving ramp 300 towards body
500. As driving ramp 300 may be pulled towards body
500, the driving ramp 300 and body 500 may engage the
first and second endplates 14, 16. By way of example,
the front ramped portions 508 of the first and second
endplates 14, 16 may engage the front endplate engag-
ing ramps 526 of the driving ramp 300 and the rear
ramped portions 510 of the first and second endplates
14, 16 may engage the rear endplate engaging ramps
542 of the body 500. However, because of the difference
in ramp angles (shown as A, and Ag, On FIG. 59),
the first and second endplates 14, 16 may notride up the
front endplate engaging ramps 526 and the rear endplate
engaging ramps 542 to increase the height of the ex-
pandable fusion device. Instead, in some embodiments,
the first and second endplates 14, 16 may pivot at the
contact point between the first and second endplates 14,
16 and the body 500 causing expansion of the endplates
14, 16 at the opposite end. As seen in FIGS. 62-64, this
pivoting may result in expansion of the first and second
endplates 14, 16 into an expanded lordotic configuration.
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As will be appreciated, pivoting of the first and second
endplates 14, 16 may cause the angles a,garendplate @Nd
Qfrontendplate With respect to longitudinal axis 512 to
change, thus reducing the difference in ramp angles
Arear, Afront. When the difference in ramp angles A4,
Atont @pproaches 0° (e.g., within 0.5°, 0.1°, or less), lor-
dotic expansion may stop, and expandable fusion device
10 may be in its lordotic expanded configuration.
[0093] FIGS. 65 to 67 illustrate expandable fusion de-
vice 10 in a fully expanded configuration, in accordance
with presentembodiments. In some embodiments, it may
be desired to further expand the expandable fusion de-
vice 10 from the lordotic expanded configuration of FIGS.
62-64. By way of example, continued movement of driv-
ing ramp 300, for example, translational movement to-
wards body 500, may cause further expansion of expand-
able fusion device 10. This further expansion may be
considered parallel expansion as both ends of the ex-
pandable fusion device 10 may expand at the same rate.
Expansion may be continued, for example, until the ex-
pandable fusion device 10 has reached its fully expanded
configuration or until a desired height of expandable fu-
sion device 10 has been achieved. Expansion of expand-
able fusion device 10 may be limited by engagement of
driving ramp 300 with body 500.

[0094] In the event the fusion device 10 needs to be
repositioned or revised after being installed and expand-
ed, the fusion device 10 can be contracted back to the
unexpanded configuration, repositioned, and expanded
again once the desired positioning is achieved. To con-
tract the fusion device 10, an instrument can be used to
rotate the actuator assembly 200 in a second direction
thatis opposite the first direction. Rotation of the actuator
assembly 200 in the opposite direction may result in
movement of the body 500 and the driving ramp 300 away
from one another. As the body 500 and driving ramp 300
move away from one another, the endplates 14, 16 move
inwardly into the unexpanded position.

[0095] Expanded heights of expandable fusion device
10 may typically range from 7 mm to 12 mm, but may be
larger or smaller, including as small as 5 mm, and as
large as 16mm, although the size is dependent on the
patient, and the joint into which the expandable fusion
device 10 may be implanted. Expandable fusion device
10 may be implanted within any level of the spine, and
may also be implanted in other joints of the body, includ-
ing joints of the hand, wrist, elbow, shoulder, hip, knee,
ankle, or foot.

[0096] Although the preceding discussion only dis-
cussed having a single fusion device 10 in the interver-
tebral space, itis contemplated that more than one fusion
device 10 can be inserted in the intervertebral space. It
is further contemplated that each fusion device 10 does
not have to be finally installed in the fully expanded state.
Rather, depending on the location of the fusion device
10inthe intervertebral disc space, the height of the fusion
device 10 may vary from unexpanded to fully expanded.
It should be noted that, as well as the height being varied
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from an unexpanded state to an expanded state, the fu-
sion 10 may be positioned permanently anywhere be-
tween the expanded state and the unexpanded state.
[0097] In some embodiments, an expandable fusion
device can be provided whereby expansion is performed
via a ratcheting mechanism. By providing a ratcheting
mechanism, this advantageously provides for rapid, con-
venient, non-continuous expansion of the fusion device.
[0098] FIG. 68 is an exploded view of an expandable
fusion device having a ratcheting mechanism in accord-
ance with some embodiments. The expandable fusion
device 600 comprises afirst endplate 620, a second end-
plate 630, a body 610 positioned between the first end-
plate 620 and the second endplate 630, a stem 660 and
associated collar 670, and a nose 680. The stem 660
and associated collar 670 advantageously provide a non-
continuous ratcheting mechanism to the expandable fu-
sion device, whereby the expandable fusion device can
alternatingly incrementally increase and then stop, until
a desired expansion occurs.

[0099] The first endplate 620 comprises a lower end-
plate having a first end 622 and a second end 624. The
firstend 622 comprises a pair of first end ramped portions
626a, 626b. Each of these ramped portions 626a, 626b
is configured to engage corresponding lower nose ramps
682a, 682b on the nose 680 to aid with expansion of the
expandable fusion device. The second end 624 compris-
es a pair of second end ramped portions 628a, 628b.
Each of these ramped portions 628a, 628b is configured
to engage corresponding rear lower ramps 616a, 616b
on the body 610 to aid with expansion of the expandable
fusion device. A first side portion 623 having a central
ramp 627aand a second side portion 625 having a central
ramp 627b are positioned between the first end 622 and
the second end 624 of the first endplate 620. Each of the
central ramps 627a, 627b is configured to engage cor-
responding front lower ramps 615a, 615b (not visible) of
the base 610 to aid with expansion of the expandable
fusion device. The ramps of the first endplate 620 are
formed along a perimeter that surrounds a central open-
ing 629.

[0100] The second endplate 630 comprises an upper
endplate having a first end 632 and a second end 634.
The first end 632 comprises a pair of first end ramped
portions 636a, 636b. Each of these ramped portions
636a, 636b is configured to engage corresponding upper
nose ramps 684a, 684b on the nose 680 to aid with ex-
pansion of the expandable fusion device. The second
end 634 comprises a pair of second end ramped portions
638a, 638b. Each of these ramped portions 638a, 638b
is configured to engage corresponding rear upper ramps
618a, 618b on the body 610 to aid with expansion of the
expandable fusion device. A first side portion 633 having
acentralramp 637a and a second side portion 635 having
acentral ramp 637b are positioned between the first end
632 and the second end 634 of the second endplate 630.
Each of the central ramps 637a, 637b is configured to
engage corresponding front upper ramps 617a, 617b of
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the base 610 to aid with expansion of the expandable
fusion device. The ramps of the second endplate 630 are
formed along a perimeter that surrounds a central open-
ing 639.

[0101] The body 610 comprises a front throughbore
612 and a rear throughbore 614. The front throughbore
614 comprises an opening for receiving the collar 670,
and hence the stem 660, therethrough. The rear through-
bore 614 comprises an opening through which one or
more tools (e.g., an expansion tool and a disengagement
tool) can pass through, as shown in FIGS. 78B and 78D.
In some embodiments, the rear throughbore 614 is
threaded to allow engagement by an insertion tool. In
addition, the body 610 comprises one or more tool re-
cesses 611 that can be engaged by an insertion tool to
provide easy delivery of the implant into a surgical site.
As shown in FIG. 68 and discussed above, the body 610
comprises a number of angled surfaces or ramps that
are configured to engage corresponding ramps on the
first endplate 620 or second endplate 630. As the ramps
slide against one another, this causes expansion of the
expandable fusion device.

[0102] The stem 660 and associated collar 670 form a
ratcheting mechanism for causing expansion of the ex-
pandable fusion device. The stem 660 comprises a head
662 and a shaft 664. The stem 660 (via its head 662) is
receivable within the nose 680 of the implant, whereby
it is capable of rotation. In some embodiments, rotation
of the stem 660 causes the implant to be changed from
a "locked" ratcheting configuration into a "disengaged"
non-ratcheting configuration, as will be discussed further
below. The head 662 of the stem 660 comprises one or
more grooves or slots 668 for receiving one or more nose
pins 690a, 690b that extend through the nose 680. The
shaft 664 of the stem 660 comprises an elongate body
having an opening 663 for receiving an expansion tool
710 (shown in FIG. 78C) therethrough. The stem 660
further comprises ratchet teeth 665 that extend along a
length of the shaft 664. In addition, the stem 660 com-
prises one or more flat areas 667 that are positioned ad-
jacent to the ratchet teeth 665. In some embodiments,
the stem 660 comprises a pair of flat areas 667 that are
positioned 180 degrees apart from one another. In some
embodiments, the stem 660 comprises a half ring portion
664 that is advantageously designed to hit against the
body 610 at full expansion in order to prevent over ex-
pansion of the device.

[0103] The stem 660 is capable of two configurations.
In a first "locked" configuration (shown in FIG. 78D), the
ratchet teeth 665 of the stem 660 are engaged with cor-
responding ratchet recesses 675 of the collar 670, there-
by creating a ratcheting mechanism that provides for ex-
pansion of the implant 600. In a second "disengaged"
configuration (shownin FIG. 78E), the stem 660 is rotated
such that the one or more flat areas 667 are positioned
adjacent the ratchet recesses 675, such that the ratch-
eting mechanism is not operable. In this second disen-
gaged configuration, the stem 660 is capable of being
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pulled back, thereby causing contraction of the implant
600.

[0104] The stem 660 is insertable through the collar
670, whereby itis placed in either the "locked" ratcheting
configuration or the "disengaged" non-ratcheting config-
uration. In some embodiments, the collar 670 comprises
a C-shaped ring having inner ratchet recesses 675
formed along an inner wall. In some embodiments, the
collar 670 is housed within the front throughbore 616 of
the body 610. In some embodiments, the collar 670 com-
prises a compressible C-ring type body that is capable
of compression within the front throughbore 616. In some
embodiments, the collar 670 is not rotatable, and can be
keyed into place to prevent rotation. Advantageously, the
collar 670 can comprise a tab 679 that prevents rotation
of the collar 670 within the body 610. With the stem 660
attached to the collar 670, a ratcheting mechanism is
formed whereby an expansion tool 710 (shown in FIG.
78C) can extend through the collar 670 and into the stem
660 via the shaft opening 663. The expansion tool 710
is capable of pulling or ratcheting the stem 660 in a di-
rection towards the second ends of the first endplate 620
and second endplate 630. As the stem 660 is operably
connected to the nose 680, the nose 680 is also drawn,
thereby causing ramps of the first endplate 620 and sec-
ond endplate 630 to slide up corresponding ramps of the
body 610 and nose 680.

[0105] The nose 680 comprises a throughhole 685
through which the head 662 of the stem 660 can extend
therethrough. A pair of nose pins 682a, 682b can then
extend through the nose 680 and into the head 662,
thereby retaining the stem 660 in the nose 680. As noted
above, the nose 680 comprises one or more upper nose
ramps 684a, 684b, which are configured to mate and
engage corresponding ramps on the second endplate
630. In addition, the nose 680 comprises one or more
lower nose ramps 682a, 682b, which are configured to
mate and engage corresponding ramps on the first end-
plate 620.

[0106] FIGS. 69A-69C are side views of the expanda-
ble fusion device of FIG. 68 in the process of expansion
in accordance with some embodiments. In some embod-
iments, the expandable fusion device 600 is advanta-
geously capable of expansion, and in particular, lordotic
expansion. In some embodiments, the device 600 can
begin in a contracted state, as shown in FIG. 69A. After-
wards, by pulling the nose 680 via a ratcheting mecha-
nism, the device 600 can expand and tip into lordosis,
as shown in FIG. 69B. Once the device 600 has achieved
maximum lordosis, the device 600 can continue to ex-
pand in height in a parallel fashion, whereby both the
anterior and posterior aspects expand at the same rate,
until the implant 600 reaches a maximum expansion, as
shown in FIG. 69C. In other words, once the device 600
reaches a particular lordotic angle (as shown in FIG.
69B), the device 600 will maintain the lordotic angle
throughout the expansion range until maximum expan-
sion has been achieved, as shown in FIG. 69C. More
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details on the expansion of the device 600 are provided
with respect to FIGS. 70A-72C.

[0107] FIGS. 70A-70C are different views of the ex-
pandable fusion device of FIG. 68 in a contracted state
in accordance with some embodiments. From the con-
tracted state, the device 600 is capable of first expanding
and tipping into lordosis, and then expanding in a parallel
fashion. The angle tipping is driven by a difference in
ramp angle x that is seen between the first end ramped
portions 636a, 636b of the second endplate 630 and the
upper nose ramps 684a, 684b of the nose 680. Similarly,
the same difference inramp angle x is also seen between
the second end ramped portions 638a, 638b of the sec-
ond endplate 630 and the rear upper ramps 618a, 618b
of the body 610. In other words, at the contracted height,
the difference in angle x between the different ramps
causes a gap 702 between the ramps, with a first end
gap 702a formed closer to the first end of the second
endplate 630 and a second end gap 702b formed closer
to the second end of the second endplate 630. The de-
gree of the gap 702 will determine what lordosis the de-
vice will tip into upon expansion. For example, if the de-
gree of the gap 702 is 4 degrees (e.g., x = 4), the second
endplate 630 will tip into 4 degrees of lordosis. As the
same mechanism is provided for the first endplate 620,
the first endplate 620 will also tip into 4 degrees of lor-
dosis, thereby providing an overall lordosis of 8 degrees
once both endplates 620, 630 have been tipped. In some
embodiments, the endplates 620, 630 themselves can
have built-in lordosis. For example, if the built in lordosis
of both endplates 620, 630 was 7 degrees inclusive, then
the overall lordosis following expansion wherein x = 4 is
15 degrees of lordosis. While the present embodiment
shows an angle x difference of 4 degrees, the angle can
be less or more, thereby resulting inless or more lordosis.
[0108] FIGS. 71A-71C are different views of the ex-
pandable fusion device of FIG. 68 in atipped state without
full expansion in accordance with some embodiments.
To tip the expandable fusion device 600 into lordosis, the
nose 680 is initially ratcheted or pulled back towards the
body 610, thereby causing the gaps x to close and the
corresponding ramps to mate. The amount of lordosis
will be predetermined based on the initial ramp gap x. In
the present embodiment, the expandable fusion device
600 has been tipped into a lordotic angle of 4 degrees
for the second endplate 630 and 4 degrees for the first
endplate 620, thereby resulting in a total of 8 degrees of
lordosis (as shown in FIG. 71B). One skilled in the art
can appreciate that the total degree of lordosis can be
less than or greater than 8 degrees, and that 8 degrees
in just a representative example.

[0109] FIGS. 72A-72C are different views of the ex-
pandable fusion device of FIG. 68 in a fully expanded
state in accordance with some embodiments. As the
nose 680 is pulled back further the corresponding ramps
of the device 600 are fully mated, the implant then begins
to expand in overall height in a parallel fashion. In other
words, the anterior and posterior aspects of the device
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600 expand at the same rate. As this happens, the device
maintains the same lordosis allowing the lordotic angle
tobe seen throughoutthe expansionrange. Forexample,
the degree of lordosis of the device 600 in the fully ex-
panded state (as shown in FIG. 72B) is the same as the
degree of lordosis of the device 600 after the endplates
have been tipped (as shown in FIG. 71B). However, due
to further parallel expansion, the height of the device 600
in the fully expanded state (as shown in FIG. 72B) is
greater than the height of the device 600 after the end-
plates have been tipped (as shown in FIG. 71B).
[0110] The expandable fusion device 600 can advan-
tageously be expanded via a ratcheting mechanism.
More details regarding the ratcheting mechanism - in par-
ticular, the stem 660 and the collar 670-will be provided
with respect to FIGS. 73-76.

[0111] FIG. 73 is an upper view of the expandable fu-
sion device of FIG. 68 in accordance with some embod-
iments. From this view, one can see how collar 670 is
housedin the body 610, and how the stem 660 is received
in the collar 670. The stem 660 is further received in the
nose 680, such that as the stem is pulled back, the nose
680 can also be pulled back thereby causing ratcheted
expansion of the device 600.

[0112] FIG. 74 is an upper cross-sectional view of the
expandable fusion device of FIG. 68 in accordance with
some embodiments. In this view, one can see how the
stem 660 having ratchet teeth 665 is engaged with the
collar 670 to create an expandable ratcheting mecha-
nism. In some embodiments, the stem 660 comprises
the "male" ratcheting feature, while the collar 670 com-
prises the "female" ratcheting feature.

[0113] FIG. 75 is a close up view of the ratcheting
mechanism of the expandable fusion device of FIG. 68
in accordance with some embodiments. This view shows
the male ratchet of the stem 660 and the female ratchet
of the collar 670 in more detail. As the stem 660 is pulled
back, the collar 670 springs open like a C-ring and allows
the ratchet teeth 665 of the stem 660 to advance to the
next slotorrecess 675 formed in the collar 670. The stem
660 advantageously moves in increments through the
collar 670. These non-continuous increments drive
height increases. In some embodiments, the height in-
creases can increase in increments greater than 0.2 mm
and 0.8 mm. In some embodiments, the height increases
are in increments of approximately 0.5 mm.

[0114] FIG. 76 is a close up view of the ratchet teeth
of the expandable fusion device of FIG. 68 in accordance
with some embodiments. Each of the ratchet teeth 665
comprises an inclusive angle 668a and a back angle
668b. In some embodiments, the ratchet teeth 665 com-
prise an inclusive angle 668a of between 30 and 60 de-
grees, and in particular about 45 degrees. In some em-
bodiments, the back angle 668b comprises between 2
and 8 degrees, and in particular about 5 degrees. Under
load, the ratchet connection is pulled in the direction of
disengagement. Advantageously, the purpose of the
back angle 668b is to keep the stem 660 more engaged,
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especially in the back area when the device 600 is under
load by pulling the collar 670 closer to the ratchet teeth
665 when pulled in the direction of disengagement.
[0115] FIG. 77 is a top perspective view of the expand-
able fusion device of FIG. 68 in accordance with some
embodiments. In this configuration, the fusion device 600
is capable of ratcheted expansion. In addition to providing
ratcheted expansion, the device is also capable of col-
lapse and contraction. To accommodate contraction, the
device 600 advantageously provides ratchet teeth 665
on only a portion of the stem 660, whereby the ratchet
teeth 665 are separated by one or more flat areas 667.
In the particular embodiment, the device 600 includes
two sets of ratchet teeth 665 each of which is adjacent
two sets of flat areas 667. These features allow a device
to be converted between a "locked" configuration where-
by ratcheting is enabled and a "disengaged" configura-
tion whereby ratcheting is disabled. These features are
discussed below with respect to FIGS. 78A-78G.
[0116] FIGS.78A-78G are top perspective views of the
expandable fusion device of FIG. 68 transitioning from a
locked configuration to a disengaged configuration in ac-
cordance with some embodiments. FIG. 78A shows an
expandable fusion device in a "locked" configuration
whereby the device is capable of ratcheted expansion.
As shown in FIG. 78A, the ratchet teeth 665 of the stem
660 are aligned and engaged with the ratchet recesses
675 of the collar 670, thereby enabling ratcheted expan-
sion.

[0117] FIG. 78B shows the expandable fusion device
with an expansion tool inserted therein. The expansion
tool 710 is capable of engaging the stem 660 in the
"locked" configuration, whereby the stem 660 (and hence
the nose 680) is capable of being pulled back. As the
stem 660 and nose 680 are drawn back, this causes in-
cremental ratcheting expansion of the device 600 based
on the design of the ratchet teeth.

[0118] FIG. 78C shows the expandable fusion device
when fully expanded. As shown in the figure, the stem
660 has been pulled further into the body 610, thereby
causing greater height expansion of the device. The fu-
sion device 600 has a relatively higher heightin FIG. 78C
than in FIG. 78B. Advantageously, the fusion device 600
can also be contracted by a surgeon if desired.

[0119] FIG. 78D shows the expandable fusion device
prior to contraction with the device still in a "locked" ratch-
eting configuration. To contract the device 600, a disen-
gagement tool 720 (separate from the expansion tool
710)is provided. The disengagement tool 720 comprises
a shaft having a distal nub 730. The disengagement tool
720 is advantageously designed to rotate the stem 660,
such that the device is changed from a "locked" ratch-
etable configuration to a "disengaged" unratchetable
configuration, as discussed above. To rotate the stem
660, the distal nub 730 of the disengagement tool 720
mates with a correspondingly shaped recess 669 in the
stem 660. With the disengagementtool 720 engaged with
the stem 660, the stem 660 can be rotated (e.g., 90 de-

10

15

20

25

30

35

40

45

50

55

22

grees), thereby converting the device into a disengaged
configuration, as shown in FIG. 78E.

[0120] FIG. 78E shows the expandable fusion device
in a "disengaged" non-ratchetable configuration. The
stem 660 has been rotated such that its pair of flat areas
667 align and face the collar 670. As such, the ratchet
teeth 665 of the stem are no longer engaged with ratchet
slots of the collar 670, thereby allowing the stem 660 to
be pushed forward to contract the device.

[0121] FIG. 78F shows the expandable fusion device
in a "disengaged" configuration whereby the device has
been fully contracted. At this stage, the device 600 is the
same height as it was prior to expansion. The device 600
is fully capable of expansion again. A surgeon simply
needs to rotate the stem 660 in an opposite direction 90
degrees, such that the device is brought back into a
"locked" ratcheting configuration.

[0122] FIG. 78G shows the expandable fusion device
whereby the device is brought back to a "locked" ratch-
eting configuration. By rotating the disengagement tool
720 in a reverse direction 90 degrees, this rotates the
stem 660 whereby the ratchet teeth 665 are once again
engaged with ratchet slots of the collar 670. The fusion
device 600 can once again be expanded via a ratcheting
mechanism if desired. Advantageously, the expandable
fusion devices described above are each capable of be-
ing inserted through a minimal incision, as the devices
can maintain a minimal profile prior to expansion.
[0123] In posterior interbody fusion procedures, sur-
geons are required to consider a number of anatomical
aspects when implanting a device. For example, sur-
geons must often consider the surrounding nerve roots
and avoid disrupting them, or they may need to consider
the size of the intervertebral disc being replaced. In many
cases, a collapsed disc space is involved that requires
surgical intervention to restore height. When the posterior
margin of any disc is smaller than the anterior margin
and when the disc is collapsed, the posterior margin is
even smaller, making it very difficult to insert a device.
The reduced posterior margin restricts the surgeon be-
cause they need the device to be small enough to be
able to be fully implanted while at the same time being
large enough to fill the anterior space and restore disc
height. The expandable fusion device described in more
detail below with respect to FIGS. 79-89 provides the
advantage of allowing the surgeon the insert the device
at a collapsed height past the posterior margin while not
disrupting the surrounding nerve roots. The device can
subsequently be expanded in the anterior space to re-
store the disc height and provide an endplate to endplate
fit.

[0124] FIG. 79 is an exploded view of an expandable
fusion device having an expandable spacing mechanism
in accordance with some embodiments. The expandable
fusion device 722 comprises a first endplate 724, a sec-
ond endplate 726, a body 728 positioned between the
first endplate 724 and the second endplate 726, a stem
730, a middle (mid) ramp piece 732, and two ramp pins
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734. The stem 730 and associated mid ramp piece 732
advantageously provide an expandable spacing mech-
anism to the expandable fusion device. The expandable
fusion device can be expanded or contracted to achieve
a desired expansion.

[0125] Although the following discussion relates to the
first endplate 724, it should be understood that it also
equally applies to the second endplate 726, as the sec-
ond endplate 726 is substantially identical to the firstend-
plate 724 in various embodiments of the present inven-
tion. It should be understood that, in one embodiment,
the first endplate 724 is configured and dimensioned to
interlock with the second endplate 726. The first endplate
724 comprises a lower endplate having a first end 736
and a second end 738. The first end 736 comprises a
pair of first end ramped portions 740a, 740b. Each of
these ramped portions 740a, 740b is configured and di-
mensioned to engage corresponding lower ramps 742a,
742b of the front end 744 of the body 728 to aid with
expansion of the expandable fusion device.

[0126] The second end 738 of the first endplate 724
comprises a pair of second end ramped portions 746a,
746b. Each of these ramped portions 746a, 746b is con-
figured and dimensioned to engage corresponding lower
ramps 748a, 748b on the back end 750 of body 728 to
aid with expansion of the expandable fusion device. The
first endplate 724 also includes a third pair of mid ramps
752a, 752b that are positioned between the first end
ramped portions 740a, 740b and second end ramped
portions 746a, 746b. It may be desirable for the mid
ramps 752a, 752b to be configured and dimensioned to
be positioned near the first end ramped portions 746a,
746b, as shown in FIG. 79. Each of the mid ramps 752a,
752b is configured and dimensioned to engage corre-
sponding lower ramps 754a, 754b (754b not visible) of
the mid ramp piece 732 to aid with expansion of the ex-
pandable fusion device 722. The mid ramp piece 732
may also include upper ramps 755a, 755b (755b not vis-
ible) that are configured and dimensioned to engage with
corresponding mid ramps of the second endplate 726.
The ramps of the first endplate 724 are formed along a
perimeter that surrounds a central opening 756.

[0127] In one embodiment, the body 728 comprises a
front throughbore 758 and rear throughbore 760. The
frontthroughbore 758 comprises an opening for receiving
the stem 730 therethrough. The front throughbore 758
may include recesses, as described in more detail below.
The rear throughbore 760 comprises an opening through
which one or more tools (e.g., an expansion tool and a
disengagementtool) can pass through, as discussed with
respect to FIGS. 78B and 78D above. In some embodi-
ments, the rear throughbore 760 is threaded to allow en-
gagement by an insertion tool. As shown in FIG. 79 and
discussed above, the body 728 comprises at least one
angled surface or ramps that are configured and dimen-
sioned to engage corresponding ramps on the first end-
plate 724, second endplate 726, or mid ramp piece 732.
Sliding the ramps against one another causes the ex-
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pansion of the expandable fusion device.

[0128] The mid ramp piece 732 may include at least
one angled surface or ramp that is configured and dimen-
sioned to engage corresponding ramps on the first end-
plate 724, second endplate 726, and/or the body 728, as
discussed above. The mid ramp piece 732 also includes
a throughbore 762 that comprises an opening for receiv-
ing the stem 730 therethrough. In some embodiments
the throughbore 762 may be threaded to allow it to be
fixed to the mid ramp piece 732. It is desirable for the
stem 730 to be operable to rotate within the throughbore
762. The mid ramp piece 732 may also include at least
two openings 732 (one not visible) that are configured
and dimensioned to receive a portion of each of the two
ramp pins 734. When the ramp pins 734 are inserted into
the openings 732, a portion of them extends outside the
openings 764 of the mid ramp piece 732. When the mid
ramp piece 732 is inserted into the body 728, the portion
of the ramp pins 734 that extends outside of the openings
764 engages with slots 766 in the body 728. The slots
766 may be configured and dimensioned on one or more
interior surfaces of the body 728. When engaged, the
ramp pins 734 and slots 766 allow the mid ramp piece
732to slide horizontally, or translate, within the body 728.
In one embodiment, the slots 766 may be configured and
dimensioned in the body 728 so that they keep the mid
ramp piece 732 on a centerline of the interior of the body
728, as shown in FIG. 79. In an alternate embodiment,
the ramp pins 734 may comprise protrusions that are
configured and dimensioned as part of the mid ramp
piece 732 to engage with the slots 766.

[0129] According to one embodiment, the stem 730
and the mid ramp piece 732 form a mechanism for caus-
ing expansion of the expandable fusion device. The stem
730 comprises an elongate shaft that may include two
portions. Inone embodiment, the two portions of the shaft
may have different diameters, although in other embod-
iments the shaft may have the same diameter through-
out. In one embodiment, the first portion 768 of the shaft
may be configured and dimensioned to be received in
the throughbore 762 of the mid ramp piece 732. In em-
bodiments where the throughbore 762 is threaded, the
first portion 768 has corresponding threads that allow it
to matingly engage with the mid ramp piece 732. As dis-
cussed above, it may be desirable for the first portion 768
to be operable to rotate a predetermined amount within
the throughbore 762.

[0130] A second portion 770 of the stem 730 includes
grooves, e.g., teeth 772 configured and dimensioned
along a portion of the length of the shaft, as shown in
FIG. 79. One advantage of including grooves 772 is that,
in some embodiments, rotation of the stem 730 causes
the expandable fusion device to be changed from a
"locked" configuration into a "disengaged" configuration,
as will be discussed further below. At least part of the
stem 730 comprises an elongate body that includes an
opening 774 for receiving a tool, such as an expansion
tool or the like, therethrough. In addition, the second por-
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tion 770 of the stem 730 comprises one or more flat areas
776 that are positioned adjacentto the teeth 772. In some
embodiments, the second portion 770 comprises a pair
of flat areas 776 that are positioned about 180 degrees
apart from one another.

[0131] According to one embodiment, the stem 730 is
capable of two configurations. In a first "locked" config-
uration shown in FIG. 80, the teeth 772 of the stem 730
are engaged with corresponding recesses 778 of the
front throughbore 758 of the body 728, as circled in FIG.
80. In a second "disengaged" configuration, shown in
FIG. 81, the stem 730 is rotated such that the one or
more flat areas 776 are positioned adjacent the recesses
778 of the front throughbore 758, such that movement
of the stem 730 within the throughbore 758 is possible.
In this second disengaged configuration, the stem 730
may move back and forth within the throughbore 758,
causing expansion or contraction of the expandable fu-
sion device, as described in more detail below.

[0132] FIGS. 82A-82C are side views of the expanda-
ble fusion device 722 of FIG. 79 in the process of expan-
sion in accordance with some embodiments. In one em-
bodiment, the expandable fusion device 722 is advanta-
geously operable to expand and, in particular, lordotically
expand. According to one embodiment, the device 722
may begin in a contracted state, as shown in FIG. 82A.
When the stem 730 is rotated to the released position,
the mid ramp piece 732 may be pushed towards the front
end of the first endplate 724 and second endplate 726,
as shown in FIG. 82B. When the expandable fusion de-
vice 722 expands, the endplates 724, 726 first tip into
lordosis, as shown in FIG. 82B. Once the fusion device
722 has achieved maximum lordosis, the device 722 can
continue to expand in height in a parallel fashion, where-
by both the anterior and posterior aspects expand at the
same rate until the fusion device 722 reaches a maximum
expansion, as shown in FIG. 82C. In other words, once
the device 722 reaches a particular lordotic angle (as
shown in FIG. 82B), the device 722 will maintain the lor-
dotic angle throughout the expansion range until maxi-
mum expansion has been achieved, as shown in FIG.
82C. More details on the expansion of the device 722
are provided below.

[0133] FIGS. 83A-83C are different views of the ex-
pandable fusion device of FIG. 79 in a contracted state
in accordance with one embodiment of the present in-
vention. From the contracted state, the device 722 is op-
erable to first expand and tip into lordosis, and then ex-
pand in a parallel fashion. In one embodiment, the angle
tipping is generated by a difference in ramp angle x that
is seen between the first end ramps 740a, 740b and the
lower ramps 742a, 742b as well as between the mid
ramps 752a, 752b and the lower ramps 754a, 754b of
the mid ramp piece 732. Similarly, the same difference
in ramp angle x is seen between the corresponding
ramped portions of the second endplate 726 and the body
728 and the mid ramp of the second endplate 726 and
the mid ramp piece 732. In other words, at the contracted
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height, the difference in angle x between the different
ramps causes a first gap 780 between the body 728 and
the first and second endplates 724, 726, and a second
gap 782 between the mid ramp piece 732 and the mid
ramps 752a, 752b of the first and second endplates 724,
726.

[0134] The degree of the gaps 780, 782 determines
what lordosis the device will tip into upon expansion. For
example, if the degree of the gaps 780, 782 is 4 degrees
(e.g., x = 4), the first endplate 724 will tip into 4 degrees
of lordosis. As the same mechanism is provided for the
second endplate 726, the second endplate 726 will also
tip into 4 degrees of lordosis, thereby providing an overall
lordosis of 8 degrees once both endplates 724, 726 have
been tipped if the endplates 724, 726 do not have any
built-in lordosis, as shown in FIG. 83B. In some embod-
iments, the endplates 724, 726 themselves can have
built-in lordosis. For example, if the built-in lordosis of
both endplates 724, 726 was 7 degrees inclusive, then
the overall lordosis following expansion wherein x = 4 is
15 degrees of lordosis. While the present embodiment
shows an angle x difference of 4 degrees, the angle can
be less or more, thereby resulting in less or more lordosis.
[0135] FIGS. 84A-84B are different views of the ex-
pandable fusion device of FIG. 79 in atipped state without
full expansion in accordance with one embodiment. To
tip the expandable fusion device 722 into lordosis, the
mid ramp piece 732 may be pushed forwards towards
the front end 744 of the body 728. In this manner, the
firstgap 780 and second gap 782 will close, thereby caus-
ing the gaps x to close to zero degrees and the corre-
sponding ramps to mate, as shown in FIG. 84A. The
amount of lordosis will be predetermined based on the
first gap 780 and the second gap 782. For example, if
the ramp angle difference is 4 degrees for each endplate
724, 726 in one embodiment, the total lordosis is 8 de-
grees once the endplates are tipped, as shown in FIG.
84B. One skilled in the art can appreciate that the total
degree of lordosis can be less than or greater than 8
degrees, and that 8 degrees in just a representative ex-
ample.

[0136] Anotherwaytodescribe the lordotic and parallel
expansion of the expandable fusion device of FIG. 79 is
with respect to the movement of the mid ramp piece 732.
In other words, the mid ramp piece 732, and therefore
the stem 730, may begin in a fully contracted state, with
no lordosis or parallel expansion (assuming zero lordosis
of the endplates 724, 726). When the mid ramp piece
732 is pushed towards the front end 744 of the body 728
by a first predetermined amount from the fully contracted
state, it will engage the ramps and cause the first gap
780 and second gap 782 to close, as shown in FIG. 84A.
As the mid ramp piece 732, and therefore the stem 730
continue to move towards the front end 744 of the body
728 by a second predetermined amount, each endplate
724, 726 will continue to expand away from one another
in parallel, as described further with respectto FIGS. 85A-
85C, until fully expanded.
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[0137] In one embodiment, for instance, the first pre-
determined amount may be 3 mm while the second pre-
determined amount may be an additional 3 mm, for a
total of 6 mm. In this example, the first predetermined
amount may also be represented as a range between
0.5 mm and 3 mm, for instance, and the second prede-
termined amount may be represented as a range be-
tween 3.5 mm and 6 mm, assuming that the increments
of the teeth are 0.5 mm increments, as described below.
In other words, lordotic movement of each endplate 724,
726, will occur as the mid ramp piece 732, and therefore
the stem 730, is moved up to 3 mm and the first gap 780
and second pag 782 are closed. After 3 mm, the first gap
780 and second gap 782 are closed, resulting in parallel
movement of each endplate 724, 726. Similarly, if the
mid ramp piece 732, and therefore the stem 730 is then
moved away from the front throughbore 758 near the
front end 744 of the body 728, the endplates 724, 726
will move towards one another in parallel between 6 mm
and 3 mm. When the mid ramp piece 732, and therefore
the stem 730 is moved away from the front throughbore
758 near the front end 744 of the body 728 between 3
mm and 0 mm (the fully contracted state), the endplates
724, 726 will reduce their lordosis until there is zero lor-
dosis, as shown in FIG. 83B.

[0138] FIGS. 85A-85C are different views of the ex-
pandable fusion device of FIG. 79 in a fully expanded
state according to one embodiment of the present inven-
tion. As the mid ramp piece 732 is pushed further towards
the front end 744 of the body 728 and the corresponding
ramps are fully mated, the fusion device 722 will begin
to expand in overall height in a parallel fashion. In other
words, the anterior and posterior aspects of the device
722 may expand at the same rate. As this happens, the
device maintains the same lordosis, allowing the lordotic
angle to be maintained throughout the expansion range.
For example, the degree of lordosis of the device 722 in
the fully expanded state, as shown in FIG. 85B, is the
same as the degree of lordosis of the device 722 after
the endplates have beentipped, shown in FIG. 84B. How-
ever, due to further parallel expansion, the height of the
device 722 in the fully expanded state (as shown in FIG.
85B) is greater than the height of the device 722 after
the endplates have been tipped (as shown in FIG. 84B).
[0139] FIGS. 86-87 show alternative views of the fu-
sion device 722 in the locked position. In one embodi-
ment, the expandable fusion device 722 comprises a dis-
engaged and a locked position, as described above with
respect to FIG. 80. According to this embodiment, the
fusion device 722 is operable to expand or collapse in
the disengaged position and is not capable of movement
when in the locked position. The device 722 may start in
the locked position when the stem 730 engages with the
body 728, as shown in the top down view in FIG. 86 and
the cross-sectional view through the middle of the device
722 in FIG. 87. The locked connection is circled in FIG.
87 for illustrative purposes.

[0140] When the user is ready to expand the fusion
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device 722, the stem 730 is turned, for example, clock-
wise by 90 degrees, putting the device 722 in the disen-
gaged position with no teeth 772 engaged, as shown in
FIG.81.0Onceinthereleased position, the user may drive
the device 722 up (expanded) and down (contracted) as
desired. FIG. 88 shows the stem’s 730 position as the
device is expanding (as compared with the stem’s 730
position in FIG. 81). The stem 730 advantageously
moves continuously through the front throughbore 758,
in one embodiment, when in the disengaged position.
The teeth 772 of the stem 730 (circled in FIG. 80) may
be configured and dimensioned to drive the overall height
requirements of the fusion device 722. For instance, the
teeth 722 may be configured and dimensioned with 0.5
mm heightincrements. In this embodiment, the tooth 722
profile may be substantially similar to a M3.5x 0.45 thread
profile, except that the cuts are not helical like threads
but spherical like grooves. The 0.45 mm "pitch" may com-
prise the increment that drives the overall height expan-
sion discussed above. These non-continuous incre-
ments drive height increases. In some embodiments, the
height increases can increase in increments between
about 0.2 mm and about 0.8 mm. In other embodiments,
the height increases are in increments of approximately
0.5 mm.

[0141] When the user is satisfied with the magnitude
of expansion of the fusion device 722, the stem 730 may
be turned, for example, counterclockwise by 90 degrees
such that the teeth 772 of the stem 730 engage with the
recesses 778 in the front throughbore 758 of the body
728, locking the implant as shown in FIG. 89. Any ex-
pansion tool known to those skilled in the art may be used
to engage with the stem 730, such as the tool described
with respect to FIG. 78B and 78C. Advantageously, the
expandable fusion devices described above are each ca-
pable of being inserted through a minimal incision, as the
devices can maintain a minimal profile prior to expansion.
[0142] The disclosure being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims. Although various embodiments are described
separately herein for the purposes of facilitating their de-
scriptions, those skilled in the art will understand that
various aspects of each embodiment may be combined
with other embodiments as desired.

[0143] The invention could be inter alia defined by the
following examples:

1. An implantable system, comprising: an expanda-
ble device, comprising: a first endplate including a
firstramped surface having afirstangle and a second
ramped surface having a second angle; a second
endplate operatively connected to the first endplate;
a body positioned between the first endplate and the
second endplate, the body including a third ramped
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surface having a third angle; a middle ramped piece
including a fourth ramped surface having a fourth
angle, wherein thefirstendplate and the second end-
plate are operable to move lordotically when there
is a difference between the first angle and the third
angle and wherein the first endplate and the second
endplate are operable to move in parallel when there
is no difference between the first angle and the third
angle.

2. The implantable system of example 1, wherein
the first endplate and the second endplate are oper-
able to move lordotically when there is a difference
between the second angle and the fourth angle.

3. The implantable system of example 1, wherein
the first endplate and the second endplate are oper-
able to move in parallel when there is no difference
between the second angle and the fourth angle.

4. The implantable system of example 1, wherein a
degree of lordosis of the first endplate and the sec-
ond endplate does not increase when there is no
difference between the first angle and the third angle.
5. The implantable system of example 1, wherein a
degree of lordosis of the first endplate and the sec-
ond endplate does not increase when there is no
difference between the second angle and the fourth
angle.

6. The implantable system of example 1, wherein
the middle ramped piece comprises a stem, and
wherein at least a portion of the stem includes teeth.
7. The implantable system of example 6, wherein
the body comprises an opening that is configured
and dimensioned to be engagable with the teeth.
8. The implantable system of example 7, wherein
the first endplate and second endplate do not move
with respect to one another when the teeth are en-
gaged with the opening.

9. The implantable system of example 7, wherein
the first endplate and the second endplate are oper-
able to move lordotically when the teeth are disen-
gaged from the opening.

10. The implantable system of example 7, wherein
the first endplate and the second endplate are oper-
able to move in parallel when the teeth are disen-
gaged from the opening.

11. An implantable system, comprising: an expand-
able device, comprising: a first endplate; a second
endplate; a body positioned between the first end-
plate and the second endplate, the body including
an opening; a middle ramped piece including a stem,
wherein the middle ramped piece is positioned within
the body and generates lordotic movement of the
firstendplate and the second endplate when the mid-
dle ramped piece is moved towards the opening be-
tween a first predetermined range, and wherein the
middle ramped piece generates parallel movement
of the first endplate and the second endplate when
the middle ramped piece is moved towards the open-
ing between a second predetermined range.
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12. The implantable system of example 11, wherein
the stem includes teeth that are configured and di-
mensioned to be engageable with the opening of the
body.

13. The implantable system of example 11, wherein
the expandable device is prevented from movement
when the stem is engaged with the opening of the
body.

14. The implantable system of example 11, wherein
the middle ramped piece generates parallel move-
ment of the first endplate and the second endplate
towards one another when the middle ramped piece
is translated away from the opening between the
second predetermined range.

15. The implantable system of example 11, wherein
middle ramped piece further comprises at least two
protrusions that engage with at least two inner sur-
faces of the body.

16. The implantable system of example 11, wherein
the stem is operable to rotate within the middle
ramped piece.

17. An implantable system, comprising: an expand-
able device, comprising: a first endplate; a second
endplate; a body positioned between the first end-
plate and the second endplate, the body including
an opening; a middle ramped piece including a stem
configured and dimensioned to pass through the
opening, wherein lordotic movement of the first end-
plate and the second endplate occurs when the stem
is translated through the opening between a first pre-
determined range.

18. The implantable system of example 17, wherein
parallel movement of the first endplate and the sec-
ond endplate is generated when the stem is trans-
lated through the opening between a second prede-
termined range.

19. The implantable system of example 17, wherein
the stem is operable to rotate within the opening.
20. The implantable system of example 17, wherein
the stem includes teeth that engage with recesses
in the opening.

Claims

An implantable system, comprising:
an expandable device, comprising:

a first endplate including a first ramped surface
having a first angle and a second ramped sur-
face having a second angle;

a second endplate operatively connected to the
first endplate;

abody positioned between the firstendplate and
the second endplate, the body including a third
ramped surface having a third angle;

a middle ramped piece including a fourth
ramped surface having a fourth angle, wherein
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the first endplate and the second endplate are
operable to move lordotically when there is a
difference between the first angle and the third
angle and wherein the first endplate and the sec-
ond endplate are operable to move in parallel
when there is no difference between the first an-
gle and the third angle.

The implantable system of claim 1, wherein the first
endplate and the second endplate are operable to
move lordotically when there is a difference between
the second angle and the fourth angle.

The implantable system of claim 1, wherein the first
endplate and the second endplate are operable to
move in parallel when there is no difference between
the second angle and the fourth angle.

The implantable system of claim 1, wherein a degree
of lordosis of the first endplate and the second end-
plate does not increase when there is no difference
between the first angle and the third angle.

The implantable system of claim 1, wherein a degree
of lordosis of the first endplate and the second end-
plate does not increase when there is no difference
between the second angle and the fourth angle.

The implantable system of claim 1, wherein the mid-
dle ramped piece comprises a stem, and wherein at
least a portion of the stem includes teeth.

The implantable system of claim 6, wherein the body
comprises an opening that is configured and dimen-
sioned to be engagable with the teeth.

The implantable system of claim 7, wherein the first
endplate and second endplate do not move with re-
spect to one another when the teeth are engaged
with the opening.

The implantable system of claim 7, wherein the first
endplate and the second endplate are operable to
move lordotically when the teeth are disengaged
from the opening.

The implantable system of claim 7, wherein the first
endplate and the second endplate are operable to
move in parallel when the teeth are disengaged from
the opening.
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